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AQUASOL A CAPSULES advantages: 
up to 500% 


is the first and only product to provide | greater absorption 
water-soluble natural vitamin A : 
80% less excretion 


in capsules... and is made by the “oil- : : 
in-water” technique developed in 85% higher liver storage 


the Research Laboratories of the U.S. indications: 


Vitamin Corporation (U.S. Pat. 2,417,299). 
for more rapid, 


more effective therapy 

in all vitamin A 
deficiencies ... particularly 
those associated with 


conditions characterized 
F APS | LES by poor fat absorption 
(dysfunction of the 


liver, pancreas, biliary 
tract and intestines; 
celiac and other 


two potencies: 1 diarrheal diseases). ‘ 
25,000 u.s. P. units 
natural vitamin A per capsule : Proven effective in 

...in water-soluble form ACNE and other dermal 

50,000 u. s. p. units lesions responsive to 

natural vitamin A per capsule high potency vitamin A. 

...in water-soluble form 


t 


Bottles of 100, 500 and 1000 capsules 


Samples upon request 


u. Ss. vitamin corporation 


casimir funk laboratories, inc. (affiliate) 
250 east 43rd st. - new york 17, n.y. 
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“DIHYDROTACHYSTEROL... 
has proved to be the most valuable 
remedy for the control of chronic 


In Chronic 
patients may be kept free of the symptoms Hypoparathyroidism... 


hypoparathyroidism and by its use 


of tetany as well as of the trophic H ypoc alcemia 


manifestations of chronic hypocalcemia.”’* 


Orally administered, Hytakerol facilitates @ 


the absorption of calcium from 
the bowel and increases the excretion 
of phosphate by the kidney. Brand of 


Dihydrotachysterol 
Sulkowitch’s simple urinary test 

may be used instead of repeated blood 
analyses in checking calcium levels.* 


DOSE 


Orally from 3 to 10 cc. (or from 

6 to 20 capsules) daily until tetany is 
relieved; weekly maintenance dose 
from 1 to 7 cc. (or from 2 to 14 capsules) 
depending upon the blood and urine _ 
calcium levels. From 10 to 15 Gm. 
calcium lactate or gluconate 

may be given daily as supplement 
through the period of therapy. 


*Grollman, A.: Essentials of Endocrinology. Philadelphia, SUPPLIED 
Ee Hytakerol in Oil, bottles of 15 cc. 


Hytakerol Capsules (each equivalent 
Wie SS to 0.5 cc.), bottles of 50. 


New York 18, N.Y. Winosor, Ont. 


Hytekerol, trademark reg. U.S. & Canada 
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In recent years impairment of diffusion of oxygen across the alveolar-capillary interface has come 
to the fore as an important factor in pulmonary dysfunction. This “‘alveolar-capillary block,”’ as 
the present authors designate it, may occur in a variety of diseases affecting the lungs and may 
play a significant role in the causation of dyspnea. A composite physiological, clinical and patho- 
logical analysis of the condition is given in this interesting study. 


Primary Pulmonary Hypertension. I. Clinical and Hemodynamic Study 
Davip T. DresDALE, MARTIN SCHULTZ AND RoBert J. MicHTOM 686 


This is an interesting and constructive paper in which the authors define more clearly the concept Si 
of primary pulmonary hypertension on the basis of distinct clinical, hemodynamic, roentgeno- 
graphic, electrocardiographic and morphologic findings. It should now be possible to make the 
diagnosis more frequently during life, indeed presumptive diagnosis would seem to be feasible on 
clinical grounds alone. Of therapeutic interest is the effect of priscoline in lowering the pulmonary 
artery blood pressure and the possibility that sympathectomy may be beneficial. 


Pulmonary Function Studies in Polycythemia Vera. Results in Five Probable Cases 
WALTER NEwMAN, JAMES A. FELTMAN AND BLANCHE DEVLIN 706 
This study of pulmonary function tests in five cases of probable or possible polycythemia vera 
revealed interesting alterations in pulmonary ventilation and gas exchange, and in respiratory 
center responsiveness, which may play an important part in the symptomatology of the disorder. 
The importance of phlebotomy is stressed. 
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: Routine testing with Ames diagnostic tablets 
| in the office, home or hospital is 

es diagn Osis frequently rewarded by the discovery of 

| d ur ing unsuspected pathology during the 


TH = “silent period”—when disease in its incipiency 


SILENT may be most easily managed or cured. 


E Ames tablet tests are completely self-contained, 


rapid and clinically reliable. 


CLINITEST Occurrence 
for the detection of * diabetes mellitus 


hyperthyroidism 
¢ renal or alimentary glycosuria 


glycosuria 


¢ nephritis 
¢ renal tuberculosis 
renal tumors 


BUMINTEST 


(BRAND) 
¢ drug poisoning 
for the detection of * toxemia of pregnancy 
¢ liver disease with 


albuminuria 


and without jaundice 


‘HEMATEST 


¢ inflammatory, neoplastic and 


(BRAND) degenerative lesions of the 
for the detection of gastro-intestinal, genito- 
urinary and pulmonary systems 


¢ diabetic acidosis 


¢ Von Gierke’s disease 
for the detection of * cyclic or excessive vomiting 
acetonuria e diarrhea 


Available through your pharmacy or physician supply house 


Clinitest, Bumintest, Hematest, Acetest, trademarks reg. U. S. and Canada 


AMES COMPANY, INC - ELKHART, INDIANA 
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Effect of Cortisone and ACTH on Fluid and Electrolyte Distribution in Man 
Marvin F. LEvirT AND MorRTIMER E. BADER 


Using inulin distribution as a measure of extracellular volume, the authors found a significant 
increase in extracellular water, sodium and chloride after ACTH or cortisone administration, 
which reached a peak in eight or nine days and then regressed despite continuation of therapy. 
This interesting effect of the adrenal cortex has significant implications. 


Experience with Methimazole (Tapazole) in the Treatment of Hyperthyroidism. A 
Report of Thirty-five Cases . . BERNARD L. HALLMAN AND Puiwip K. Bonpy 


Methimazole (1-methyl-2-mercaptoimidazole) has approximately 100 times the antithyroid 
activity of thiouracil. According to the experience with thirty-five patients described in this paper, 
this drug in small dosage rapidly effects a euthyroid state and appears to be of a low order of 
toxicity. Despite the diminishing indications for the use of antithyroid drugs, methimazole would 
seem to deserve more extensive trial. 


Seminars on Artertosclerosis 


Arteriosclerosis—Some Clinical Implications. . . . .  . Dock 


In this essay Dr. Dock discusses the clinical implications of arteriosclerotic involvement of the 
brain, retina, kidneys, heart, legs, aorta, iliac and splanchnic arteries. As always, he is stimulating 
and provocative, bringing out new facts and new facets of old facts about this vital subject. 


Diet and Lipotropic Agents in Arteriosclerosis . . . . . JAcK D. Davipson 


To close the Seminars on Arteriosclerosis, Dr. Davidson gives a much needed critical analysis of 
the results of dietary restriction and administration of lipotropic agents in experimental and 
clinical arteriosclerosis. Proper evaluation of effects is difficult even in the most rigidly controlled 
animal experiments, of which there are few, to say nothing of clinical trials. It is concluded that 
restriction of diet with respect to cholesterol and fat seems justifiable in patients with arterio- 
sclerosis despite the lack of convincing proof of beneficial effect. The usefulness of choline and 
inositol in prevention or cure of arteriosclerosis remains to be demonstrated. 


Conference on Therapy 


Use of Curare and Curare-like Agents 


Conferences on Therapy (Cornell University Medical College)—This timely clinic summarizes 
the present status of d-tubocurarine, flaxedil, syncurine and other agents employed as muscle 
relaxants in conjunction with anesthetics. The pharmacological action of these drugs, their clinical 
indications and the dangers inherent in their use, particularly in regard to respiration, are dis- 
cussed clearly and informatively. 
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Anxiety and Autonomic Lability 


as the Basis of Functional Disorders 


Emotional response to the stress of life is the pri- 
mary source of illness in a steadily increasing num- 
ber of cases. Weiss and English* estimate that as 
high as two-thirds of all patients have disorders 
due either entirely or in part to emotional factors 
and anxiety. Ebaugh® refers to anxiety as “. . . the 
universal disease of our times’’. 
Complete examination discloses no organic basis 
for the symptoms in these cases, yet the clinical 
wpe may mimic a true organic disease. 

e symptom-complex usually involves several or- 


gan systems.”** In such cases, the anxiety is chan- 
neled into organ dysfunction via the autonomic 
nervous system.” Some of the effects produced 
by exaggerated activity of a labile autonomic sys- 
tem are tabulated below. Many of these, it will be 
noted, are related to the symptoms which feature 
prominently in functional disorders. The symptoms 
in any one case are not necessarily limited to one 
organ system. Usually some are referable to sym- 
pathetic hypertonicity, others to parasympathetic 
hypertonicity. 


PARASYM- 
SYMPATHETIC SYMPTOMS OF 
TONICITY TONICITY DISORDER 
Belchi 
: Hypomotility Increased Salivation ng exhibits a clinica 
CINTESTINAL |  Hyposecretion | 
on-organ 
diagnosis of ‘ 
Rapid heart rat Palpitati Functional Disorder: 
Reduced heart rate | cP oChvcardia | can be facilitated 
CARDIO- ea Vasodilatation b f the fol- 
VASCULAR constriction Lowered blood Premature systoles y use of the fo 
Slight rise in en B.P. low in some; lowing indications 
blood pressure seta! elevated in others | Of Autonomic 
Lability: 
Dry nasopharyngeal | Increased nasophar- | Dry mouth and — 
mucous yngeal secretion throat Temperature 
RESPIRATORY membrane Bronchial constric- | Difficulty in Variations 
Bronchial tion breathing Changing 
relaxation Laryngospasm Sighing respiration Pulse Rate 
Deviations in 
Bladder detrusor Uri f B.M.R. 
relaxed; Bladder detrusor Diffieul, Exaggerated Cold 
GENITO. Sphincter contracted ; Pressure Reflex 
‘URINARY contracted Sphincter relaxed D Oculo-cardiac 
Ureter tone Ureter tone and Reflex 
and motility motility increased Abnormalities 
decreased irregularity Glucose Tolerance 
Alterations 


This tabulation is based on data available in references 1 to 6 stated below. 


Primarily, the patient visits his physician out of 
concern over his symptoms. At this point, he is 
either unaware of his basic emotional problem or 
ignores it. A complete examination will rule out 
organic disease and thus reassure the patient. Then, 
treatment is directed along two lines: First, relieve 
the patient of subjective distress by drug therapy.* 
He will then be more cooperative in discussing his 
emotional problems. Then, having uncovered the 
basic problem, guidance is given toward correcting 


1, WEISS, 


E. 
Co., 1949. 2. EBAUGH, F. G.: Postgrad. Med. 4: 208. 1948. 3. WILLIAMS, 
E. Y. et al: J. Nat. M. A. 42: 32, 1950. 4. WOOLEY, L.: South. Med. & 


unhealthy situations and attitudes. 

*The fact that autonomic dysfunction plays a large 
part in mediating the disturbance suggests auto- 
nomic sedation. A number of independent studies 
indicate that this therapeutic approach is effective. 
“®° The investigators used ergotamine tartrate (ad- 
renergic blockade), levo-alkaloids of belladonna 
(cholinergic blockade) and phenobarbital (central 
sedation) in the form of Bellergal tablets. The total 
effect is an integrated sedation of the entire A.N.S. 


Sandoz 


Surg. 102: 157, 1940. 5. KATZ, L. N., et al: Ann. Int. Med. 27: 261, 1947. 
6. KROGER. W 


Pharmaceuticals 


DIVISION OF SANDOZ CHEMICAL WORKS, INC. 
68 CHARLTON STREET, NEW YORK 14, NEW YORK 
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Clinico-pathologic Conference 


Miliary Pulmonary Infiltration with Hydrothorax and Ascites. . 


Clinico-pathologic Conference (Washington University School of Medicine) —With the growing 
realization that histoplasmosis and other disseminated fungus infections occur more commonly 
than has been appreciated, differentiation from miliary tuberculosis has become more and more 
important. The problem is complicated by the not infrequent association of fungus infection with 
tuberculosis and a variety of other debilitating diseases. The present clinic, which deals with just 
this question, is therefore timely and of unusual interest. 


Case Reports 


Mobilization of Gouty Tophi by Protracted Use of Uricosuric Agents 
T. F. YU AND ALEXANDER B. GuTMAN 765 
The experience described in this report would make it appear that by carefully regulated use of 
uricosuric agents for prolonged periods it may be possible not only to prevent formation of new 
tophi in chronic tophaceous gout but also to mobilize old established tophi. 


Localized Amyloid Deposition in the Lower Respiratory Tract 
AARON SCHOTTENFELD, LEON M. ARNOLD, JOHN G. GRUHN AND A. Davin Etess_ 770 


This interesting paper calls attention to the occurrence of amyloid deposits in the trachea and 
bronchi, not associated with amyloidosis elsewhere, causing bronchostenosis and difficulty in 


respiration. 
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Irs AS THOUGH someone has opened 
a faucet and is draining the life out of 
me’”’ is her way of describing her feeling 


of chronic fatigue and listlessness. Her 
blood picture will probably reveal 
hypochromic microcytic anemia. 


Inorganic iron is specific in such cases, 
but the IBEROL formula is based on the 
proposition that iron alone is not 
enough—that hemoglobin formation in- 
volves more than iron—that although an 
iron deficiency is established, other de- 
ficiencies are also possible—that recovery 
may be more rapid and complete if other 
important elements are supplied to supple- 
ment the diet. Notice the formula. 


Just three IBEROL Tablets a day, in spite of the 
high potencies contained, is the average adult 
dose. For prophylaxis in pregnancy, old age or 
convalescence, one or two tablets daily are usually 


2 > sufficient. IBEROL is supplied in 
—= bottles of 100, 500 and 1000 tablets. Obbott 


(Iron, Biz, Folic Acid, Stomach-Liver Digest, with Other Vitamins, Abbott) 


THREE IBEROL TABLETS: 
the average daily therapeutic dose for adults, supply: 


(representing 210 mg. elemental iron, the active ingredient 
for the increase of hemoglobin in the treatment of iron- 
deficiency anemia) 

Plus these nutritional constituents: 


Thiamine Mononitrate (6 times MDR*)........... 6 mg. 
Riboflavin (3 times MDR*)..................... 6 mg. 
Nicotinamide (2 times RDAT).................. 30 me. 
Ascorbic Acid (5 times MDR*)................ 150 mg. 
Pyridoxine Hydrochloride....................... 3 me. 


*MDR—Minimum Daily Requirement 
+RDA—Recommended Daily Dietary Allowance 
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supplementary effects 
wherever estrogen-androgen therapy is indicated... 


e 
2. €. In fractures and osteoporosis in either sex to promote 


bone development, tissue growth, and repair. 
2. €. In the female climacteric in certain selected cases. 


2. €. In dysmenorrhea in an attempt to suppress ovulation 
on the basis that anovulatory bleeding is usually painless. 


2. €. In the male climacteric to reduce follicle-stimulating hormone levels. 


A steroid combination which permits utilization of both 
the complementary and the neutralizing effects of 
estrogen and androgen when administered concomitantly. 
Thus certain properties of either sex hormone may be 
employed in the opposite sex with a minimum of side 
effects. Each tablet provides estrogens in their 

naturally occurring, water-soluble, conjugated form 
expressed as sodium estrone sulfate, 

together with methyltestosterone. 


No. 879—Conjugated estrogens equine 


Bowiesof 100 blew 

for combined estrogen-androgen therapy 


Ayerst, McKenna & Harrison Limited 
22 East 40th Street, New York 16, N. Y. 
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advantage 
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8 ] 
1. potent 2. prompt 3. prolonged 4. free from significant C.N.S. : 
effects 5. few or no systemic effects 6. virtually non-allergenic 
7. consonant with local physiologic function 8, non-irritating 9. safe 
10. fosters patient cooperation. 
‘privine® (BRAND OF NAPHAZOLINE) HYDROCHLORIDE 2/1712 M C | h a SUMMIT, NEW JERSEY 
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The High Protein, Low Calorie Diet... 
The Modern Dietary Answer the 


Problem Weight Reduction 


It is now universally recognized that overweight is the inevitable response of the 
body to a persistent caloric intake in excess of metabolic needs. Neither underactivity 
nor overactivity of an endocrine gland of itself ever produces obesity.1 Except in 
rare instances, a sound weight reduction program excludes endocrine therapy? and 
involves only a caloric intake below the level of energy expenditure, while main- 
taining optimal protein, vitamin, and mineral nutrition. The high protein, low fat, 
low carbohydrate regimen constitutes a modern dietary answer to the problem of 
weight reduction. 


Successful weight reduction has been quickly achieved by sharp restriction in 
caloric intake even to as low as 450 calories daily, while nitrogen balance was main- 
tained by foods providing adequate protein. Also, satisfactory weight reduction has 
been attained in obese patients on an ad libitum diet high in protein and adequate in 
vitamins and minerals,? but low in fat and carbohydrate. Such diets contain liberal 
amounts of broiled, boiled, or roasted lean meat; kidney, liver, and brain may be 
included. Meat enjoys this favored position because it leaves the feeling of having 
eaten well and contributes generously of biologically complete protein. 


Meat also plays an important role in the reduction diet because it contributes 
important amounts of iron and of vitamin B complex, which includes niacin, panto- 
thenic acid, pyridoxine, riboflavin, thiamine, and the newly discovered vitamin By). 
The high palatability of meat, its stimulation of the digestive processes, its satiety 
value, and its easy and practically complete digestibility are other features of im- 
portance in the reduction diet. 


1. Newburgh, L : Obesity: In Clinical Nutrition, edited by re. | N.; Tisdall, F F., and 
Cannon, P. R., (ote York, Paul B. Hoeber, Inc., 1950, chap. 28, p. 6 89. 
2. Runde, a = The Role of Hormones in the Treatment of Obesity, Ann. Int. Med. 28:971 
ay) 1 


3. Strang, J. =~ McCluga nee. ., and Evans, F. A.: The Nitrogen Balance During Dietary 
Correction of Obesity, Sc. 181:336, 


The Seal of Acceptance denotes that the nutri- 
tional statements made in this advertisement (qin 
are acceptable to the Council on Foods and oS 
Nutrition of the American Medical Association. re 


American Meat itastitute 
Main Office, Chicago... Members Throughout the United States 
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A NEW HYPOALLERGENIC PENICILLIN SAL 


Through the routine use of Compenamine, reactions to 
penicillin can be reduced significantly below that encoun- fe 
tered with other available forms of penicillin G. This hypo- i 
allergenic characteristic of Compenamine permits its use 
even in known penicillin reactors; in this group it reduces 
the incidence of reactions by at least 80 per cent. Thus 
Compenamine brings new safety to penicillin therapy. be 

A research development of C.S.C. Pharmaceuticals, ea 
Compenamine is generically designated as /-ephenamine 
penicillin G. Its clinical behavior and therapeutic per- 
formance are identical, unit for unit, with comparable 
dosage forms of procaine penicillin. Nearly insoluble in < 
water and oil, its dosage forms are of the repository type. 4 

Compenamine is priced identically with procaine peni- 
cillin G. Hence economic considerations are no obstacle 
to its routine use. 


CSC 


A DIVISION OF COMMERCIAL SOLVENTS CORPORATION, 17 E. 42nd St., New York 17, N. Y. 
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DOSAGE @ COMPENAMINE AQUEOUS, in vials and disposable and permanent 


a more complete solution... 


OBEDRIN,* THE 60-10-70 DIET 


Obedrin Tablets permit full utilization of the appe- 
tite depressing action of methamphetamine hydro- 
chloride but eliminate the central nervous stimu- 
lation, so the patient does not suffer from nervous 
irritability and insomnia. 


The 60-10-70 Basic diet provides the basic mini- 
mum of proteins to maintain nitrogen balance, the 
basic minimum of carbohydrates to “‘burn off’ ex- 
cessive fat in storage. 

Obedrin Tablets and the 60-10-70 basic diet will 
permit loss of weight with minimum’ discomfort, 
thus inviting patient cooperation. 


FORMULA 
*Semoxydrine 
Hydrochloride ..... 5 mg. 
: Pentobarbital Sodium .. 20 mg. 
Ascorbic Acid ....... 100 mg. 
Thiamine 

Hydrochloride ..... 0.5 mg. 
Riboflavin. ........ 1 mg. 
Niacinamide........ mg. 

be * Methamphetamine Hydrochloride 
3 Obedrin is supplied in bottles 
of 100, 500 and 1,000 yellow 


grooved tablets. 


he 

(a 4%, 


A COMPLIMENTARY PAD OF DI 
SHEETS AND A TRIAL SUPPLY O 
OBEDRIN SENT TO PHYSICIANS ON 


REQUEST. MASSENGILL TENNESSEE 
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yarentoral 
control of edema... 
just one or two tablets daily 
plus an 


occasional 
injection 


MERCUHYDRIN 


ORAL MERCURIAL DIURETIC 


To secure the greatest efficacy and all the advantages 
of Tablets MERCUHYDRIN with Ascorbic Acid, a three-week initial 
supply should be prescribed......25 to 50 tablets. 
dosage: One or two tablets daily— morning or evening—preferably after meals. 
available: Bottles of 100 tablets. Each tablet contains meralluride 
60 mg. (equivalent to 19.5 mg. mercury) and ascorbic acid 100 mg. 


akeside 
aboratorYtés, INC.. MILWAUKEE 1. WISCONSIN 


13 


ths 
3 
ry 
\\ 
4 
| 
at 
4 
i 
+ 
is 
‘ 
= 
M-18 
ef 


esearch 


A lipid emulsion whose suspended glob- 
ules are 1 micron in dizmeter has been 
achieved by cooperative medical and 
pharmaceutical research. 1,000,000 par- 
ticles of this emulsion can fit on the 
head of a pin, A by-product of investi- 
gations in fat metabolism, it affords an 
unusually well tolerated, well absorbed 
source of concentrated calories. Another 
case where collaboration between in- 
vestigators in leading medical centers 
and Upjohn researchers has “paid off” 
in newer knowledge—and better control 
of metabolic problems. 


contains: 
Vegetable Oil ............40% w/v 
Dextrose, Anhydrous ...... 10% w/v 


Preserved with Sodium Benzoate 0.1% 


Lipomul-Oral provides 4 calories per cc., or 
approximately 120 calories per ounce. 


Available in pint bottles. 


* Trademark 


THE UPJOHN 
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Chemica! 

Formuts:| 


to give you UP-TO-DATE Reference on 
nearly 4000 Ethical Drugs (including 1500 
brand new listings) of 175 manufacturers. 


to PHYSICIANS for its authoritative, 
finger-tip data...complete from descrip- 
tion to prescription. Now compiled in seven 
special sections: DRUGS e BIOLOGICALS 
e ALLERGENS e GENERIC NAME 
INDEX e THERAPEUTIC INDEX e 
MANUFACTURER’S INDEX e GEN- 
ERAL INDEX. The new 5th Edition of The 
MODERN DRUG ENCYCLOPEDIA 
provides self-pronouncing drug listings for 
the first time. 


Edited by 
MARION E. HOWARD, M_D., F.A. 


_ Yale University Medical Schoo 
Haven. Conn. 


MORE THAN 50,000 
SATISFIED USERS 


Saves hours of precious time. Proved by 
use as America’s ‘‘best seller’? medical 
encyclopedia. 


MAIL THIS COUPON TODAY! 


This Pre-Publication Saving Expires Feb. 1, 1952 


Bound in Red Fabri- 
coid. 1200 pages, size 
6” x 9%" x 2%” Pre- 
Publication Price, 
Postpaid $12* U.S.A. 
$15 Foreign. 


DRUG PUBLICATIONS, INC. j 
{ 49 West 45th Street, New York 36, N. Y. | 
FREE | Enclosed is the sum of twelve dollars ($12* U.S.A.) for 
—to every encyclo- which please send me postpaid the new Fifth Edition ' 
pedia owner— 4 of the MODERN DRUG ENCYCLOPEDIA AND 
THERAPEUTIC INDEX and MODERN DRUGS. j 
MODERN DRUGS | Name | 
—the quarterly sup- RESS 
plement that keeps i 
you up-to-date CITY. ZONE STATE. F 
with the newest ! U.S.A. $12* FOREIGN $15 
drug descriptions. three-year supplementary at $2 per year. MN 
New York City resi“ents please add 3% sales tax.) 
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DRAMCILLIN 


DRAMCILLIN 
preparations now include: 


PENICILLIN 


DRAMCILLIN-500, 
DRAMCILLIN-250, 
(250,000 units* per tea- 
spoonful), DRAMCILLIN 
(100,000 wunits* per tea- 
spoonful}, DROPCILLIN 
(50,000 units* per drop- 
perful). 
PENICILLIN- 
TRIPLE SULFONAMIDES 


DRAMCILLIN-250 with 
Triple Sulfonamides, 
DRAMCILLIN-250 Tablets 
withTriple Sulfonamides, 
DRAMCILLIN with Triple 
Sulfonamides (100,000 
units of penicillin and 0.167 
grams each of sulfadiazine, 
sulfamerazine and sulfacet- 
imide per teaspoonful). 


“Buffered Crystalline Penicillin G 
Potossium 


® On convenient 8 to 12 hour dosage sched- 
ule, Dramcillin-500 produces optimal ther- 
apeutic effect in most infections 


@ More uniform absorption due to magnitude 
of dosage 


@ The most economical high potency, liquid 
oral penicillin 


DRAMCILLIN 


© fully effective with just 4 doses daily 


@ the only high potency, liquid penicillin- 
sulfonamide combination containing rap- 
idly absorbed and highly soluble sulfaceti- 
mide 


DRAMCILLIN 


® each tablet is equivalent to one teaspoon- 
ful of the above liquid form 


With the addition of these three new preparations, 
DRAMCILLIN—one easily remembered name— 
now identifies an effective, palatable, and most | 
complete group of products designed to meet every 
commonly encountered need of the physician in 
treatment with oral penicillin or penicillin-sulfona- 
mides. White Laboratories, Inc., Kenilworth, N. J. 
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One half million units of 


penicillin* per teaspoonf 


TRIPLE SULFONAMIDES 250,000 units penicil 
each sulfadiazine, sulfamerazine, sulfacetamide 


per teaspoonfu 


TABLETS WITH TRIPLE SULFONAMID 


Implicit in a happy healthy childhood is maximal nutrition— 
and one of the essential dietetic guideposts to vigorous 
adulthood is adequate vitamin C! (1/,-4 oz. for infants up 
to 1 year;?"! 4-8 oz. for older children) .* Fortunately, 
most every youngster likes the taste of Florida orange juice 
and the “lift”’ its easily assimilable fruit sugars* provide.® 
kh It is well-tolerated and virtually non-allergenic.? And, under 
ey modern techniques of processing and storage—it is possible 
for citrus fruits and juices (whether fresh, canned or frozen) 


ese rve to retain their ascorbic acid content,** and their pleasing 
flavor,’ in very high degree and over long periods. 
the FLORIDA CITRUS COMMISSION + LAKELAND, FLORIDA 


Citrus fruits —among the richest known sources of Vitamin C = 
b t also contain vitamins A and B, readily assimilable natural fruit sugars; 
es ee = and other factors, such as iron, calcium, citrates and citric acid. 
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“chemical 


fence” for the alcoholic 


‘*Antabuse’’—nearly three years under intensive 

, clinical investigation—is now available for the 
treatment of alcoholism. By setting up a sensitizing 
effect to ethyl alcohol, ‘‘Antabuse’’ builds a ‘‘chemical 
FSence’’ around the alcoholic...helps him develop a 
resistance to his craving. Its high degree of efficacy 
is confirmed by extensive clinical evidence. 


‘Antabuse’ is safe therapy when properly 
administered. However, it should be employed only 
under close medical supervision. Complete descriptive 
literature is available and will be gladly furnished 
on request. 


‘Antabuse’ is identical with the material used 
by the original Danish investigators, and is supplied 
under license from Medicinalco, Copenhagen, 
Denmark. U.S. Pat. No. 2,567,814. 


Tested in more than 100 
clinics...by more than 800 qualified investigators 


Supplied in ‘ 
tablets of 0.5 Gm., ...on more than 5,000 patients...and covered by 
ee of 50 more than 200 laboratory and clinical reports, 
and 1,000. 


... brand of specially prepared and highly purified tetraethylthiuram disulfide. 


AYERST, MCKENNA & HARRISON LIMITED 
$130 ff} New York, N. Y. Montreal, Canada 
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for topical use 
in eye diseases 


CortoneE has proved remarkably 
- effective in the treatment of many 
inflammatory eye diseases. Topical administration is 


indicated principally in disorders of the anterior segment— 
the cornea and anterior uvea. 


Three products for Individualized Dosage: 


OPHTHALMIC SUSPENSION OF CORTONE Acetate 
0.5% —5 cc. vials: For more superficial and less serious indicated condi- 
: tions and for continuing treatment in severe eye conditions 
: after preliminary therapy with the 2.5% strength has achieved 
the desired degree of improvement. 


2.5%—5 cc. vials: For treatment of the more severe indications and for 
initial therapy of any indicated condition that potentially might 


lead to permanent ocular damage. 


2 OPHTHALMIC OINTMENT OF CORTONE Acetate 


Ai 1.5% —3.5 Gm. tubes: For use in conjunction with either of the ophthal- 
mic suspension preparations, or alone, depending on the con- 
dition present; particularly useful for bedtime application. 


Administered topically in recommended dosage, CorTONE is 


j Nonirritating — Safe — Economical 


For diseases of the deeper structures of 
the eye, it is recommended that adequate 
systemic dosage with the Oral Tablets 
or the Parenteral Suspension of CoRTONE 


Literature on Request 
accompany or precede topical application. 


ACETATE 
(CORTISONE Acetate Merck) 


MERCK & CO., Inc. CORTONE is the registered 


. Manufacturing Chemists trade-mark of Merck & Co., Inc. 
RAHWAY, NEW JERSEY for its brand of cortisone. 


In Canada: MERCK & CO. Limited—Montreal 
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in lobar preumon 1a: The prompt response to Terramycin 
therapy in lobar pneumonia is consistent 
with results obtained in primary atypical 
pneumonia, bronchopneumonia and many 
other infections of the respiratory tract. 
In a typical series of pediatric cases, 
Terramycin-treated, “temperatures 
returned to normal in 24 to 48 hours 
after therapy was begun. The clinical 
appearance of marked improvement took 
place during the same period.” 


Potterfield, T. G., and Starkweather, G. A.: 
J. Philadelphia General Hosp. 2:6 (Jan.) 1951 


CRYSTALLINE TERRAMYCIN HyDROCHLORIDE 


available | Capsules, Elixir, Oral Drops, Intravenous, 
| Ophthalmic Ointment, Ophthalmic Solution. 


ANTIBIOTIC DIVISION CHAS. PFIZER & CO.,1INC., Brooklyn 6, N. Y. 
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known 
and 


relied on 
the world over 


ADRENALIN 


By ADRENALIN (epinephrine, Parke-Davis) is today, as it has 
been for many years, one of the most versatile and useful 

° drugs, known and used the world over. Introduced to the 
medical profession by PARKE-DAVIS in 1901, ADRENALIN 
is widely used in many conditions—bronchial asthma, serum 
sickness, the Adams-Stokes syndrome, and anesthesia 
accidents. 


Circulatory stimulant, vasoconstrictor, resuscitant, and 
hemostatic, this pure crystalline hormone is one of the truly 
basic drugs—an invaluable aid in office, in hospital, and in 
clinic. It is an important adjunct in local anesthesia, valuable 
in arresting superficial hemorrhage, and a standby for 
decongestion of engorged mucous membranes. 


ADRENALIN iis available as ADRENALIN 

; CHLORIDE SOLUTION 1:1000, ADRENA- 
3 LIN CHLORIDE SOLUTION 1:100, ADREN- 
ines ALIN IN OIL 1:500 and in a variety of forms 
to meet all medical and surgical requirements. 
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THOMAS NELSON & SONS 


announces 
that its Medical Book Department 
has been acquired by 


THE WILLIAMS & WILKINS COMPANY 
Mt. Royal and Guilford 
Baltimore 2, Maryland 


All medical titles, including Golden’s 
Diagnostic Roentgenology 
and the 1951 Renewal Pages, formerly 
published by Nelson, may be procured from . 


Williams & Wilkins. 
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Clinical 


success 

postpartum 


From a clinical report of 79 cases of postpartum hemorrhoids, 
treated with RECTAL MEDICONE at a large New York 
institution, the following results were tabulated: 


NO.OFCASES =! RESULTS 
41 1 SUBACUTE 38 SATISFACTORY RESPONSE 
22 | ACUTE | 22 RELIEF IN ALL CASES 
16 CHRONIC 10 SATISFACTORY RESPONSE 


(4 of the 16 cases required surgery ) 


The explanation for these highly favorable results in this painful condition 
lies in the fact that RECTAL MEDICONE SUPPOSITORIES contain 
benzocaine for topical anesthesia —reinforced by other effective anti- 
hemorrhoidal agents, which promote retrogression and healing. 


Ethically promoted by 
MEDICONE COMPANY 
225 Varick St., New York 14, N.Y. 
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a practical 


in the therapy of 
rheumatic affections 


Pabalate usually provides 
better therapy for rheumatic 
affections than pure 
salicylate itself, through 

its mutually synergistic 
combination of para-aminobenzoic acid 
and salicylate.’* Reports of authoritative 
clinical tests show a higher degree of pain 
relief... to more patients..,on lower 
dosage... over longer periods... with 
greater freedom from adverse reactions.* 


REFERENCES: 1. Dry, T. J. et al.: Proc. Staff Meetings 
Mayo Clin., 21:497, 1946. 2. Hoagland, R. J.: Am. J. Med., 
9:272, 1950. 3. Smith, R. T.: J. Lancet, 70:192, 1950. 


FORMULA: Each enteric-coated tablet or each 
teaspoonful of chocolate-flavored liquid contains 
0.8 Gm. (5 gr.) sodium salicylate 
U.S.P., and 0.3 Gm. (5 gr.) 
para-aminobenzoic acid 

(as the sodium salt). 


A. H. ROBINS CO., INC. 
RICHMOND 20, VA. 


Also available as Pabalate Sodium-Free for cases 
in which sodium is contraindicated 
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CARTILAGE 


MUSCLE 


PSEUDOSTR. 
CIL. EPITH. 


ALVEOLI 


The time encrusted empirical approach to 
cough therapy—with its “picture of confusion, 
contradiction and neglect”’—can now 

be replaced by sound, rational non-narcotic 


treatment, thanks to the pioneering studies 
1,2 throug: ‘onchus 
of Boyd et al.,’” demonstrating that 


glyceryl guaiacolate is the most powerful 
of expectorants commonly used. Robitussin — 
the antitussive-expectorant with specific drug action — 


provides glyceryl guaiacolate for increasing respiratory References: 
tract fluid, together with desoxyephedrine, for its E. M. Lapp, J. Pharma- 
bronchial-spasm-relieving? and its mood-improving actions — ell, W. 
in an aromatic syrup that is highly patient-acceptable. 42:220, 1940. 3, Novelli, A. and Tain- 
ter, M. L.: J. Pharmacol., 77:324, 1943. 
A. H. ROBINS CO., INC. ¢ RICHMOND 20, VA. Formula: 


Each 5 cc. (1 teaspoonful) contains 
100 mg. glyceryl guaiacolate and 1 mg. 


desoxyephedrine hydrochloride, in a 
O F it U n palatable aromatic syrup. 
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| promotes useful cough... 
minimizes harmful cough 
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An Advertisement of G. D. Searle & Co. 


(The Council on Pharmacy and Chemistry of the American Medical Association has adopted 
the following statement of Actions and Uses and of Dosage for publication in connection 
with a description of Banthine Bromide for inclusion in New and Nonofficial Remedies) 


METHANTHELINE (Searle) 


B-diethylmethylaminoethyl 9-xanthenecarboxylate bromide 


Actions and Uses.— Methantheline bromide, a para- 
sympatholytic agent, produces both. the peripheral 
action of anticholinergic drugs such as atropine and 
the ganglionic blocking action of drugs such as tetra- 
ethylammonium chloride. Tolerated amounts of meth- 
antheline bromide exert side effects typical of atropine- 
like drugs, but cause less tachycardia, and also less 
postural hypotension than does tetraethylammonium 
chloride. Toxic doses produce a curare-like action at 
the somatic neuromuscular junction. 

Clinical studies indicate that the drug effectively in- 
hibits motility of the gastrointestinal and genitourinary 
tracts and, to a variable degree, diminishes the volume 
of perspiration and salivary, gastric and pancreatic se- 
cretions. It also decreases mucoprotein secretion. Like 
atropine, it produces mydriasis and cycloplegia when 
applied locally to the eye or administered systemically, 
but until more clinical evidence becomes available, its 
local use for this purpose is not recommended. The 
value of the drug for preventing abnormal cardiac re- 
flexes through the vagus during thoracic surgery, or as 
an agent for routine preoperative medication in place 
of atropine, requires further investigation before final 
conclusions can be reached. 


Methantheline bromide is indicated for clinical use 
whenever anticholinergic spasmolytic action is desired, 
provided it is not contraindicated because of its atro- 
pine-like characteristics or because of a patient’s intol- 
erance to the unavoidable side effects of such therapy. 
It is useful as an adjunct in the management of peptic 
ulcer, chronic hypertrophic gastritis, certain less specific 
forms of gastritis, pylorospasm, hyperemesis gravidarum, 
biliary dyskinesia, acute and chronic pancreatitis, hy- 
permotility of the small intestine not associated with 
organic change, ileostomies, spastic colon (mucous coli- 
tis, irritable bowel), diverticulitis, ureteral and urinary 
bladder spasm, hyperhidrosis or control of normal sweat- 
ing which aggravates certain dermatoses, and control of 
salivation. 


Methantheline bromide produces some degree of 
cycloplegia and mydriasis in therapeutic doses and 


therefore should not be administered to patients with 
glaucoma. It sometimes decreases the ability to read 
fine print. Xerostomia (dryness of the mouth) is a com- 
mon, sometimes transient, side effect. Urinary retention 
of varying degree may occur in elderly male patients 
with prostatic hypertrophy, and some patients may have 
difficulty emptying the rectum. Patients with edematous 
duodenal ulceration may experience nausea and vomit- 
ing during initial administration of the drug. These 
patients should take only liquids during the institution 
of drug therapy. All patients should be advised of the 
possible occurrence of side effects. Overdosage sufficient 
to produce a curare-like action may be counteracted by 
prompt subcutaneous injection of 2 mg. of neostigmine 
methylsulfate. 


Dosage.— Methantheline bromide is administered 
orally or parenterally by either the intramuscular or 
intravenous route. Parenteral administration is not 
advised for patients able to take the drug orally. The 
average initial adult dose, oral or parenteral, is 50 mg. 
For patients with considerable intolerance, 25 mg. may 
be employed. In the management of peptic ulcer, a 
beginning schedule of 50 mg. three times daily before 
meals and 100 to 150 mg. on retiring is suggested. How- 
ever, the usual effective dose is 100 mg. four times 
daily, although some patients may require more or 
less than this amount. The dosage may be increased to 
tolerance, using dryness of the mouth as a guide, and 
adjusted to meet the individual response of patients. 
Maintenance dosage in peptic ulcer is usually consid- 
ered to be about one-half the therapeutic level. In the 
management of other hypermotile or hypersecretory 
states, the dosage should be adjusted to the smallest 
amount which will relieve the symptoms. When spastic 
conditions are secondary to inflammatory or other or- 
ganic lesions, therapy directed toward the cause should 
be employed whenever possible. 


G. D. SEARLE & Co. 
Tablets Banthine Bromide: 50 mg. 
Ampuls Banthine Bromide: 50 mg. 
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new repository 
CTH preparation 
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-ACTING 


ACTHAR Gel—a new repository ACTH preparation—is an important 
contribution to home and office treatment. A single injection in 
many cases provides an adequate daily dosage. Thus simplified ad- 
ministration plus a considerable price reduction of ACTHAR, which 
is fully reflected in the price of ACTHAR Gel, provides further economy 
of ACTH therapy. 


ACTHAR Gel possesses all the efficacy of ACTHAR in aqueous solution 
and is well tolerated locally, whether administered intramuscularly 
or by deep subcutaneous injection. 


Indications: Rheumatoid arthritis, rheumatic fever, acute lupus 
erythematosus, drug sensitivities, severe bronchial asthma, contact 
dermatitis, most acute inflammatory diseases of the eye, acute 
pemphigus, exfoliative dermatitis, ulcerative colitis, acute gouty 
arthritis, secondary adrenal cortical hypofunction. 


Supplied: In 20 I.U. (mg.) and 40 I.U. (mg.) per cc. in 5 cc. vials. 


*THE ARMOUR LABORATORIES BRAND OF ADRENOCORTICOTROPIC HORMONE (A.C.T.H.) 


eTHE ARMOUR LABORATORIES cuicaco 11, 


world-wide 


PHYSIOLOGIC THERAPEUTICS THROUGH BIORESEARCH 
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* tab! 
ce the antidepressant of choice, and the most effective 


drug for control of appetite in weight reduction 


Smith, Kline & French Laboratories, Philadelphia 


*T.M. Reg. U.S. Pat. Off. 
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ANNOUNCING 


HEPARIN SODIUM INJECTION U.S. P. 
10 cc. vials 1000 and 5000 U.S.P. Units per cc. 


The first of a group of improved medicinal agents produced by 
HED Pharmaceuticals, Inc., under the personal supervision of 
H. E. Dubin, Ph.D., formerly Director, Biochemical Department of 
H. A. Metz Laboratories and formerly Technical Director of U. S. 
Vitamin Corporation and H. E. Dubin Laboratories, Inc. 


HED-HEPARIN is a superior product—at surprisingly economical cost 
to your patient—the result of efficiencies and improvements devised 
by HED Pharmaceuticals. Indications: Pulmonary Embolism, Coronary 
Thrombosis, Thrombophlebitis, Frostbite, Myocardial Infarction. 


Newer Applications: Atherosclerosis, Angina Pectoris 


“I have established HED Pharmaceuticals 
on the basic principle that there can be no 
compromise with quality. You may accept 
HED-HEPARIN with the knowledge that 
nothing has been left undone to assure 
therapeutic efficacy.” 


Your physicians supply dealer now has 
HED-HEPARIN. Should he be temporarily 
out of stock, HED PHARMACEUTICALS 
will gladly supply you direct and bill you 
through your dealer. 


“No. Compromise with Quality “ial 


HED Pharmaceuticals, Ine. 


NEW ROCHELLE * NEW YORK 
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yi For those approaching middle life, 
the years ahead can be the best — pro- VAS 
vided normal metabolic functions 
mt are safeguarded. In such interrelated 3 
disorders as atherosclerosis, diabetes fe the UYfe that bepind at forty 
mellitus, and liver disease, the clinical 
findings are likely to include abnor- 
mal fat metabolism (with accom- 


panying deposition of cholesterol) 
and abnormal capillary fragility. 


VAS CUTUM* presents an unusually complete 
lipotropic combination plus the specific capillary 
protectants, rutin and ascorbic acid. 


The average daily dose (6 tablets) provides: 


Prophylaxis against these threats to Choline 1Gm. | Pyridoxine HCl 4 mg. 
the older patient may be established Inositol 1Gm._ | Rutin 150 mg. 
and maintained with... di-Methionine 500mg. | Ascorbic Acid 75mg. 


SUPPLIED: Bottles containing 100 tablets 


schenley SCHENLEY LABORATORIES, INC. 
LAWRENCEBURG INDIANA 


© Schenley Laboratories, lac. *Trademark of Schenley Laboratories, Inc. 
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for efficient 


nasal decongestion 


LOCAL ACTION ONLY 


> No elevation in blood pressure 
> No central nervous stimulation 


Your patient can take Wyamine even at night 
and secure restful sleep. Relief begins in min- 
utes... lasts for hours. 


Available as: Solution Wyamine Sulfate, bottles of 1 fl.oz. 


Wyamine-Tyrothricin Nasal Solution, bot- 
tles of 1 fl. oz. - with dropper or JETOMIZER® 
Wyamine-Penicillin, Capsules, Penicillin 
with Vasoconstrictor, for preparation of 
nasal solutions. 


MEPHENTERMINE 
N-METHYLPHENYL— TERTIARY—BUTYLAMINE WYETH 


Wyeth Incorporated, Philadelphia 2, Pa. 
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the answer to more 


effective treatment of 


4 many common infections isNEOPENZINE 


(Penicillin with Sulfonamides, Lilly) 


Has this combination of penicillin in high dosage with + 
mixed sulfonamides a wider spectrum of antibacterial ac- + 
tivity than any single bacteriostatic or bactericidal agent? wes 
. > ye 
Can orally administered penicillin cause fewer hyper- + 
sensitive reactions than injected penicillin? 
Is penicillin as effective by the oral route as by injection + 
if given in adequate doses? a — 
e 
Is there positive assurance that the penicillin in “Neo- ; 
penzine’ is protected from potency loss? . ste 
: Has the mixture of sulfonamides in “Neopenzine’ been ; 
a | demonstrated to be safer systemic therapy than single + 
sulfonamides? 
> yes 
Can ‘Neopenzine’ save time for the busy practitioner? + yes 


Each Tablet ‘Neopenzine’ contains 300,000 units of 
penicillin—G, crystalline-potassium. Each 5 cc. (ap- 
a3 proximately one teaspoonful) of Suspension ‘Neopen- 
‘ zine’ contain 200,000 units. The latter is prepared by 
combining the contents of the potency-protector pack- 
age. Each tablet or each 5 cc. of suspension also contain 
0.167 Gm. each of sulfadiazine, sulfamerazine, and sul- 
famethazine. 


Dosage for adults: 2 tablets four times daily. 


Dosage for children: Suspension (or tablets) in propor- 
tion to weight. 


Detailed information and literature on 
; “Neopenzine’ are personally supplied by 

4 your Lilly medical service representative 
or may be obtained by writing to 


ELI LILLY AND COMPANY «- INDIANAPOLIS 6, INDIANA, U.S.A. 
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The American Journal of Medicine 


VoL. XI 


DECEMBER, 1951 


No. 6 


Editorial 
Alterations in Normal Bacterial Flora of 


Man and Secondary Infections 


during Antibiotic Therapy 


alterations in the bacterial flora in various 

regions of the body may occur following the 
use of antibiotics.'~* This change in the bacterial 
flora is independent of the effect of the antibiotic 
on the specific organism responsible for an in- 
fection. Thus when penicillin is given, suscepti- 
ble and sensitive gram-positive bacteria may be 
eliminated from the mouth and nasopharynx 
and only non-sensitive and gram-negative 
organisms can be isolated. When streptomycin 
is administered, susceptible gram-negative or- 
ganisms disappear and only gram-positive 
organisms survive. Following the exhibition of 
aureomycin, terramycin or chloramphenicol all 
of the susceptible gram-positive as well as gram- 
negative organisms may disappear, leaving only 
monilia, or other non-sensitive bacteria or 
yeasts. In any event it appears that the surviving 
bacteria will depend upon the susceptibility of 
the microorganisms in the original flora, the 
development or appearance of resistant strains 
or the introduction of new and resistant strains 
of microorganisms from outside. 

In many instances these changes in the local 
bacterial flora are unimportant and inconse- 
quential; thus they would fail to attract atten- 
tion unless careful bacteriologic cultures were 
made. In other cases, however, a new infection 


1Lipman, M. O., Coss, J. A. and Boots, R. H. 
Changes in bacterial flora of the throat and intestinal 
tract during prolonged oral administration of penicillin. 
JF Bact., 51: 594, 1946. 

2 SmitH, J. W. and Bioomrie.p, A. L. The effect of 
penicillin on the aerobic bacterial flora of the normal 
throat. Stanford M. Bull., 6: 469, 1948. 

3 Somer, L. S. and Favour, C. B. Biologic complica- 
tions of penicillin therapy. Am. 7. Med., 7: 511, 1949. 


I is now firmly established that striking 
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appears. These new infections may arise in one 
of several ways. (1) New organisms may be 
introduced from outside, i.e., from carriers or 
from contact with other infections, or by the 
accidental introduction of new organisms during 
the manipulations incident to proper administra- 
tion of the antibiotic agent. (2) Organisms which 
are present in small numbers and which are not 
sensitive to the antibiotic may flourish and 
invade tissues after the susceptible organisms 
are inhibited. (3) Organisms appear rapidly 
which have become resistant after exposure to 
an antibiotic. 

Weinstein‘ has reported cases of staphylococ- 
cic pneumonia, bacteremia and pyelonephritis 
due to staphylococci in patients who had an 
original Hemophilus influenzae infection and 
who were treated with streptomycin. A number 
of other observers have reported oral, intestinal, 
bronchopulmonary, genital, dermal and gen- 
eralized infections due to monilia® following the 

4 We tnsTEIN, L. Alterations in normal bacterial flora 
of man and animals and secondary infection during 
streptomycin therapy. Streptomycin, Its Nature and 
Practical Application. Edited by S. A. Waksman. Balti- 
more, 1949. Williams and Wilkins. The spontaneous 
occurrence of new bacterial infections during the course 
of treatment with streptomycin or penicillin. Am. 7. M. 
Sc., 214: 56, 1947. The treatment of meningitis due to 
Hemophilus influenzae with streptomycin. New England 
J. Med., 235: 101, 1946. 

5 Cross, W. G. Oral reactions to penicillin. Brit. M. 7., 
1: 171, 1949. Hewrrr, W. L. and Witias, B. Chloro- 
mycetin (chloramphenicol) in the treatment of infections. 
New England 7. Med., 242: 119, 1950. Harris, H. J. 
Aureomycin and chloramphenicol in brucellosis, with 
special reference to side effects. 7. A. M. A., 142: 161, 
1950. WitutaMs, B., Jr. Oral and pharyngeal complica- , 


tions of chloramphenicol (chloromycetin) therapy. Am. 
Pract. G Digest. Treat., 1: 897, 1950. Woops, J. W., 
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use of penicillin, aureomycin, chloramphenicol 
and terramycin therapy. Finland® records in- 
stances of staphylococcic diarrhea in patients 
receiving terramycin, and Weinstein and his 
associates’ have recently called attention to the 
high incidence of suppurative otitis media and 
bronchopneumonia in patients with pertussis 
who received either aureomycin or chloram- 
phenicol. Also, Chang and Jackson® have noted 


I. H., Jr. and Patterson, C. N. Monilial 
infections complicating the therapeutic use of antibiotics. 
j. A. M. A., 145: 207, 1951. Geicer, A. J., WENNER, 
H. A., H. D. and S. H. Mycotic 
endocarditis and meningitis. Yale 7. Biol. @ Med., 18: 
259, 1945. 

6 FiInLAND, M. The present status of antibiotics in 
bacterial infections. Bull. New York Acad. Med., 27: 199, 
1951. 

7 Personal communication. 

8 Quoted by Finland. 


Notice to 


HE following excerpt is representative of 
several letters that have been received 
requesting that the publishers of the 
American Journal of Medicine make available a 
complete index of past issues of the Journal. 
“Since I left Hospital in July 
1948, the most instructive hours of postgradu- 
ate education have been those which I have 
devoted to reading The American Journal of 
Medicine. Faced with the problem of a com- 
prehensive review for my American Board Ex- 
amination, with the somewhat limited time at 
my disposal, I resorted to re-reading the issues 
of the Journal as my formal review exercise. 
This I found most profitable. Because my office 
is not in the same building as the local medical 
library, I frequently go back over the Four- 
nal for information on some particular topic, 
usually with productive results. In this regard I 
have often wondered whether you had ever con- 
sidered the feasibility and practicality of printing 
a complete index every two years covering the 
preceding years’ issues. This as I gather it would 
involve a considerable expense to the publishers. 
I have discussed the matter with a fair number 
of my colleagues in this city, all of whom felt 
‘they would be willing to pay for such an index 
in addition to the regular subscription fee. 


Editorial 


Subscribers 


understand it was prompted by the fact that the 


scarlet fever due to hemolytic staphylococcus 
aureus infections following the treatment of 
pertussis with the broad spectrum antibiotics, 
or the use of prophylactic penicillin for the 
treatment of a burn. These are a few of the new 
or superimposed infections that have been 
reported following antibiotic therapy, and they 
only serve to point up this important problem. 
It is necessary for all physicians to be alert to 
the problem and to continue to study this com- 
plex phenomenon so that ways and means may 
be found to prevent new infections as well as 
treat them when they arise. Bacteriologic studies 
continue to remain important in the treatment 
of patients with infectious diseases because new 
or resistant infections can be recognized only 
by following the changes in bacterial flora in 
various regions of the body. 

CHESTER S. KEEFER, M.D. 


“I hope that this does not seem like too hare- 
brained an idea to you. I am sure you can 


private practitioner, out of the hospital environ- 
ment, is no longer able to assimilate by osmosis 
the many new ideas and facts that he did during 
his house officer days in the large teaching 
hospital.” 
(Signed) L. O. J. 

R. M. W. 

North Carolina 

The Editorial Board and the publishers of 
The American Journal of Medicine are most anxious 
to make the contents of the Journal maximally 
available for teaching and review purposes, and 
have therefore decided to issue a complete index 
of articles and abstracts which appeared in the 
first five years of publication. This will be 
published separately, virtually at cost. The 
index will include a complete author and sub- 
ject index from July, 1946, through June, 1951. 
Preparation of this publication is almost com- 
plete and it is scheduled to appear early in 
1952. Announcement of publication will be 
made in The American Journal of Medicine and a 
notice will be sent to all subscribers. 
THE EpiTor 
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Clinical Studies 


Clinical and Physiologic Features of Some 


Types of Pulmonary Diseases with 


Impairment of Alveolar-capillary Diffusion’ 
The Syndrome of ‘‘Alveolar-capillary Block” 


RoBERT AUSTRIAN, M.D., JOHN H. McCLEMENT, M.D.,f ATTILIO D. RENZETTI, JR., M.D., 
KENNETH W. DONALD, M.D., RicHARD L. RILEy, M.D. and ANDRE COURNAND, M.D. 


New York, New York 


isolate patterns of pulmonary dysfunction 

in a variety of chronic pulmonary diseases. ! 
Studies of the physiopathology of the lungs have 
suggested that alveolar respiratory insufficiency, 
manifested by arterial oxygen unsaturation and 
sometimes also by carbon dioxide retention, 
could result from disturbances of the ventilation- 
perfusion relationships or from alterations of the 
pulmonary diffusing surface. The purpose of 
this paper is to describe a syndrome caused by a 
variety of pathologic processes and characterized 
histologically by alterations of the pulmonary 
diffusing surface, i.e., the alveolar-capillary 
septa, and physiologically by a reduction in the 
oxygen diffusing capacity of the lungs. The 
group of subacute or chronic diseases which leads 
to this syndrome have common clinical charac- 
teristics, prominent among which are the diffuse, 
finely dispersed pulmonary lesions as revealed by 
x-ray and those signs and symptoms which result 
from the physiologic disturbances. The term 
‘alveolar-capillary block”’ is tentatively offered 
to identify this syndrome as it describes the 
essential histologic as well as the principal 
physiologic features. 

The concept that altered permeability of the 
pulmonary membrane to respiratory gases may 
cause a reduction in oxygen diffusing capacity 
is not new. Schjerning? in 1922, in attempting to 
elucidate the early cyanosis of “grippe pneu- 


F recent years attempts have been made to 


monia” described by Brauer, suggested that 
alterations might occur in the lungs without 
microscopically visible change which could lead 
to disturbances in the diffusion of oxygen. Be- 
tween 1932 and 1935 several German authors*—> 
wrote of a syndrome termed by them “pneu- 
monosis” which was believed to arise from 
decreased permeability of the pulmonary diffus- 
ing surface to oxygen and to result from a variety 
of causes. Among the etiologic agents included 
were “‘grippe pneumonia,” war gases, chronic 
pulmonary congestion, amyloid deposits and 
xanthomatosis. The syndrome was characterized 
by the development of cyanosis, the cause of 
which could not be attributed to ventilatory or 
circulatory disturbances. The complexity of the 
problem of analyzing the oxygen tension gradi- 
ent across the pulmonary membrane was appre- 
ciated fully, and for lack of sufficiently precise - 
means of analysis the diagnosis of ‘‘pneumonosis”’ 
remained one of exclusion unless material be- 
came available for pathologic examination. In 
1944 Hamman and Rich® reported four cases 
of a diffuse pulmonary disease which was charac- 
terized clinically by dyspnea, cyanosis and a 
rapidly advancing course, pathologically by a 
marked thickening of the alveolar-capillary 
septa due to deposition of fibrous tissue. The 
arterial blood oxygen saturation was deter- 
mined in two of these patients and found to be 
markedly reduced. However, no other physio- 


* From the Department of Medicine, Columbia University, College of Physicians and Surgeons, and the Cardio- 
Pulmonary Laboratory of the First Medical and Chest Services (Columbia University Division), Bellevue Hospital, 
New York, N. Y. The work described in this paper was supported by a grant from the United States Public Health 
Fund, with additional support from the Commonwealth Fund and the Life Insurance Medical Research Fund. 


¢ James Alexander Miller Research Fellow. 
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logic studies were carried out to explain this 
finding. 

Elucidation of the problem was carried fur- 
ther by Baldwin, Cournand and Richards! who 
reported on fourteen patients with chronic 
pulmonary disease not associated with em- 
physema and characterized by alveolar-respira- 
tory insufficiency. They were grouped under the 
heading of pulmonary fibrosis, a descriptive 
pathologic term which subsequent studies have 
shown to be inapplicable in certain instances. 
The diseases included in this group were 
scleroderma of the lung, sulfur dioxide poison- 
ing, exposure to asbestos fibers, lymphangitic 
carcinomatous metastases to the lungs and 
pulmonary granulomatosis and fibrosis of un- 
known etiology. The clinical and physiologic 
findings in these cases were essentially the same 
as those demonstrated by the patients to be 
reported here. From the physiologic data it was 
inferred that the mechanics of breathing were 
not altered, that the distribution of gas in the 
lungs was not abnormal, and that “alveolar- 
respiratory insufficiency . . . results both from 
perfusion of large areas of fibrotic tissue which 
cannot be ventilated and impairment to the 
adequate diffusion of respiratory gases across a 
greatly thickened alveolar septa, or reduction in 
the area of alveolar capillary interface.”’ 

Since these earlier reports there has been 
appreciable progress in the understanding of the 
oxygen tension gradient existing between alveo- 
lar air and systemic arterial blood. The work 
of Lilienthal, Riley et al.’ and its subsequent 
expansion by Riley, Cournand et al.*~! have 
made it possible to assess separately alteration 
of the pulmonary membrane and abnormal 
ventilation-perfusion relationships as factors 
contributing to alveolar-respiratory insufficiency. 

Making partial use of the newer technics in a 
few cases of the pulmonary granulomatosis fol- 
lowing exposure to beryllium, Wright and his 
associates!” interpreted their observations on 
alveolar-arterial oxygen tension gradients deter- 
mined while their patients breathed room air at 
rest and during exercise as evidence of altera- 
tions of the pulmonary diffusing membrane. 
Bruce and others!* studying the same type of 
pulmonary granulomatosis also used some of 
these newer methods and published figures for 
oxygen diffusion constants, i.e., oxygen diffusing 
capacity, which are exceedingly low. However, 
the significance of the latter data is difficult to 
assess, not only because the calculated oxygen 
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diffusion constants are inconsistent with the 
data given for their calculation but also because 
data obtained while breathing room air cannot 
be used for such a calculation. 

Twelve additional cases which exemplify the 
essential features, clinical, physiologic and 
pathologic, of this syndrome of “‘alveolar-capil- 
lary block’? are presented here. In these cases 
all the newer methods for analysis of alveolar- 
arterial oxygen tension gradient have been em- 
ployed and in many instances pathologic con- 
firmation of the clinical diagnosis is available. 
These cases display great variation in the severity 
and duration of the process, and thus give a fair 
account of the physiologic basis of the symptoms 
and signs encountered in the course of this most 
interesting group of diseases. 


METHODS 


Measurements of lung volumes, maximum 
breathing capacity, ventilation and gas ex- 
change during rest, standard exercise and 
recovery were made according to methods previ- 
ously described from! this laboratory. Arterial 
blood was obtained through an indwelling 
needle in the brachial artery. Oxygen content 
and capacity and carbon dioxide content were 
determined in the Van Slyke-Neill apparatus. 
Partial pressures of oxygen and of carbon 
dioxide in systemic arterial blood were obtained 
by the direct technic of Riley, Proemmel and 
Franke,'* and the carbon dioxide tensions so 
determined were checked by comparison with 
values derived by application of blood pH and 
carbon dioxide content to the line charts of Van 
Slyke and Sendroy. Sampling of mixed venous 
blood and determination of cardiac output were 
carried out by methods previously reported. 
Measurement of blood pressures in the pul- 
monary artery, right ventricle and_ brachial 
artery were recorded with the use of calibrated 
Hamilton optical manometers. 

Analysis of ventilation-perfusion relationships 
and of the diffusion characteristics of the lungs 
was made according to the methods devised by 
Lilienthal, Riley et al.,7 and extended by Riley, 
Cournand and others.*-!° These methods make 
possible a quantitative expression, in terms now 
to be defined briefly, of the effectiveness of 
ventilation and of perfusion of the lungs and 
of the permeability of the alveolar-capillary 
interface. 

The Dead Space Ventilation. ‘This represents 
the portion of the total ventilation which takes 
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no part in gas exchange. It is made up not only 
of the actual volume of gas contained in the 
anatomic dead space but also of a virtual volume 
of gas arising from the contributions of all 
alveoli where ventilation is maintained but 
circulation is reduced or absent. In this manner 
total ventilation is divided into two components: 
dead space ventilation and effective alveolar 
ventilation. The calculation of dead space 
ventilation is based upon the relationship be- 
tween alveolar carbon dioxide tension and the 
carbon dioxide tension of expired air and upon 
the assumption that arterial and alveolar carbon 
dioxide tensions are equal.'® The dead space 
ventilation is expressed as a percentage of total 
ventilation and its value in the normal subject 
does not exceed 30 per cent. 

The Venous Admixture in the Arterial Blood. 
This quantity is made up of an actual volume of 
mixed venous blood which reaches the periph- 
eral arterial blood by anatomically distinct 
right to left shunts (bronchial veins, thebesian 
veins, etc.), and a virtual volume of mixed 
venous blood, the calculation of which takes 
into account all the contributions of capillary 
blood from alveoli in which ventilation is 
variably reduced in relation to perfusion. This 
total volume of mixed venous blood is expressed 
as a percentage of total pulmonary blood flow 
(cardiac output). Normally this value does not 
exceed 6 per cent. 

The Oxygen Diffusing Capacity of the Lungs. 
This is a measure of the permeability to oxygen 
of the alveolar-capillary membrane for the lung 
as a whole. Diffusion of oxygen across this 
membrane requires a higher partial pressure of 
oxygen in the alveolar gas than in the capillary 
blood. This gradient of oxygen pressure be- 
tween the alveolus and the capillary is largest 
at the pulmonary arterial end of the pul- 
monary capillary, becomes smaller as oxygen is 
transferred from the alveolus to the capillary 
and is smallest at the pulmonary venous end of 
the capillary. By methods that have been de- 
scribed before!® it is possible to calculate a 
theoretic mean pressure gradient which, were 
it present continuously along the alveolar- 
capillary membrane of the entire lung, would 
account for the same oxygen transfer that is 
accomplished by the progressively decreasing 
alveolar-capillary gradient which actually exists. 
The oxygen intake per minute divided by this 
calculated mean pressure gradient is the oxygen 
diffusing capacity. At rest in normal individuals 
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this value exceeds 15 cc. of oxygen per minute 
per millimeter of mercury mean_ pressure 
gradient. 

These last two quantities can be derived from 
an analysis of the alveolar-arterial oxygen pres- 
sure gradient (A-A gradient) at two levels of 
inspired oxygen concentration. The theoretic 
considerations upon which this analysis is based, 
the fundamental assumptions involved and the 
details of technics and of calculation have been 
discussed elsewhere. *:!° 


CLINICAL AND PHYSIOLOGIC OBSERVATIONS 
Clinical Observations 


The vital statistics and diagnoses of the twelve 
patients are given in Table 1. A brief summary 
of each case history is also given. 

Etiology. A variety of diseases have been 
found to produce the physiologic and clinical 
pattern reported here. A definite anatomic or 
etiologic diagnosis could not be made in four 
of these twelve patients. In the remaining cases 
the following diagnoses were established by 
history, biopsy or autopsy: (1) pulmonary 
granulomatosis after exposure to beryllium in 
two cases; (2) pulmonary granulomatosis of 
unknown etiology in one case; (3) Boeck’s 
sarcoid in one case; (4) scleroderma in one case; 
(5) pulmonary fibrosis of unknown etiology in 
three cases (in one case after exposure to beryl- 
lium; in two cases associated with granulomas 
in other organs). 

Studies on miliary tuberculosis which will be 
reported elsewhere suggest that during the early 
and acute phase of this disease a physiologic 
defect similar to that seen in these cases is 
present. One patient (Case 11) included in this 
series had a diffuse miliary lesion which cleared 
completely while streptomycin was being given. 
Because tubercle bacilli were not found on care- 
ful and repeated search, and because significant 
fever and other toxic manifestations were lack- 
ing, a diagnosis of tuberculosis was considered 
unlikely. However, it is possible that this was a 
case of chronic or subacute hematogenous pul- 
monary tuberculosis. 

Pathology. Examination of the lungs of some 
of these patients has shown involvement and 
thickening of the alveolar-capillary septa to be 
the predominant pathologic lesion. The alveolar- 
capillary septa were found to be invaded by 
fibrous tissue or by the cellular elements of 
granulomas. Involvement of various parts of the 
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lung has usually not been uniform, and this 
inhomogeneity may account for some of the 
physiologic findings. Some have shown areas of 
focal emphysema. Involvement of the lymph 
nodes in those cases with granulomatous dis- 
eases has suggested that the pulmonary involve- 
ment was only part of a generalized disease. 


Laboratory Findings. The usual clinical labora- 
tory observations were seldom abnormal. Poly- 
cythemia was seen only twice and was associated 
with severe right-sided failure in both of these 
patients. 

X-ray. X-ray films of the chest (Figs. 1 to 12) 
in every case showed involvement of the entire 


TABLE I 
PHYSICAL CHARACTERISTICS AND DIAGNOSIS IN TWELVE CASES WITH “‘ALVEOLAR-CAPILLARY BLOCK”’ 
Duration 
Case Age | sex | Weight | Height BSA Diagnosis of Illness 
(yr.) (kg.) | (cm.) | M? fino.) 
1. M. B. 34 | F 54 161 | 1.55 | Pulmonary granulomatosis (clinical); exposure to 60 
beryllium 
2.M.M.| 22 | F 47 153 | 1.42 | Scleroderma with pulmonary involvement; (biopsy 24 
of skin) 
3. L. K. 29 | M 61 168 | 1.69 | Undiagnosed disease of the lungs 6 
4, 3. 0. 47 F 54 161 1.55 | Pulmonary fibrosis of unknown etiology; granuloma 60 
of hilar and mediastinal lymph nodes; cor pulmo- 
nale; death; (autopsy) 
5. E. H. 17 |M 45 166 | 1.47 | Pulmonary granulomatosis of unknown etiology; 24 
(biopsy of lung) 
6. L. W. 19 F 43 155 | 1.38 | Boeck’s sarcoid with pulmonary involvement; 60 
(biopsy of lymph node) 
7. Be Te. 47 F 60 167 1.67 | Pulmonary fibrosis; Boeck’s sarcoid; death; (autopsy) 15 
8. F. L. 39 | M 70 167 1.79 | Pulmonary fibrosis; exposure to beryllium; acute cor 24 
pulmonale; terminal bronchopneumonia; death; 
(autopsy) 
9. F.S. 43 |M 48 165 | 1.52 | Undiagnosed disease of the lungs 42 
10. E. M. 60 F 72 151 1.68 | Undiagnosed disease of the lungs 11 
11. M.H. | 64 F 46 150 | 1.37 | Undiagnosed disease of the lungs; cor pileanitie: 84 
death; (no autopsy) 
‘2.3, Oa. 66 | M 55 169 | 1.63 | Pulmonary granulomatosis; exposure to beryllium;| Several 
spontaneous pneumothorax; death; (autopsy) years? 


Symptomatology. In most of the patients the 
disease was insidious in onset and marked by 
increasing dyspnea on exertion and later at rest. 
Cough was present in all instances and was 
productive usually of small amounts of tenacious 
mucoid sputum. Significant weight loss oc- 
curred in many instances. In the recent history 
it was not unusual to find febrile episodes with 
pulmonary symptoms. 

Physical Examinations. The striking physical 
findings included tachypnea at rest, limited 
excursion of the thorax, the presence of per- 
sistent fine rales heard usually over the lower 
lobes, and accentuation of the second pulmonic 
heart sound. Cyanosis significantly was absent 
or of minimal degree at rest, except in the 
terminal stages of the disease, but appeared 
rapidly on mild exertion. Clubbing of the fingers 
was noted occasionally. 


lung field. There was some variation in the size 
and appearance of the abnormal x-ray shadows 
which were of the nodular, reticular or con- 
glomerate type. In one case bullae could be 
identified on the x-ray film. Hilar and medi- 
astinal lymph nodes were enlarged in other cases. 

Clinical Course. These twelve patients illus- 
trated all possible courses from complete 
clinical recovery to fatal outcome. Thus in one 
instance (Case m1), under the influence of anti- 
biotic therapy (streptomycin), x-ray and clinical 
regression took place and has been maintained 
over a one-and-a-half year period. In another 
patient (Case 1) who was observed and studied 
during a one and one-half-year period there 
were no changes in the clinical manifestations of 
this syndrome. However, the most common 
course seems to be a steady progression in the 
symptoms of pulmonary insufficiency, with in- 
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Fic. 1. Case 1. X-ray of M. B.; pulmonary granulomatosis; exposure to beryllium. 
Fic. 2. Case 1. X-ray of M. M.; scleroderma with pulmonary involvement. 

Fic. 3. Case m. A, x-ray of L. K.; undiagnosed disease of lungs before streptomycin 
therapy; B, x-ray after streptomycin therapy. 

Fic. 4. Case tv. X-ray of J. H.; pulmonary fibrosis of unknown etiology. 

Fig. 5. Case v. X-ray of E. H.; pulmonary granulomatosis of unknown etiology. 
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Case vi. Xray of of L. Ww; Boeck’s with 
Fic. 7. Case vu. X-ray of E. L.; pulmonary fibrosis; Boeck’s sarcoid. 

Fic. 8. Case vin. X-ray of F. L.; pulmonary fibrosis; exposure to beryllium. 
Fic. 9. Case 1x. X-ray of F. S.; undiagnosed disease of the lungs. 

Fic. 10. Case x. X-ray of E. M.; undiagnosed disease of the lungs. 

Fic. 11. Case x1. X-ray of M. H.; undiagnosed disease of the lungs. 
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creasing dyspnea, cyanosis and inability to 
exercise. The rate at which these symptoms 
progress is quite variable, and the interval from 
the first appearance of symptoms to profound 
pulmonary insufficiency has varied from a few 
months to several years. In some of the cases the 
appearance of irreversible right heart failure 
has modified the course and hastened a fatal 
outcome. Acute respiratory infections occurred 
in some and were controlled by antibiotics. The 
course of one patient (Case xm) was com- 
plicated by the development of a spontaneous 
pneumothorax. 


Physiologic Observations 


The physiologic data are recorded in Tables 
11 to vi. The characteristic findings were as 
follows: Measurements of the /ung volumes demon- 
strated a significant reduction in the total pulmo- 
nary capacity which in general was associated 
with a parallel reduction in each of its sub- 
divisions. As a result, the ratio of residual volume 
to total capacity remained normal in all but 
three instances, and in these the low concentra- 
tion of alveolar nitrogen after the patient had 
breathed 99 per cent oxygen for seven minutes 


Fic. 12. Case xu. X-ray of J. H.; pulmonary granu- 
lomatosis; exposure to beryllium. 


and the appearance of the spirograms indicated 
that no obstructive emphysema was present. 
The maximum breathing capacity was close to 
normal in almost all cases and in fact was greater 
than the predicted value in seven of the twelve. 


TABLE II 
LUNG VOLUMES AND MAXIMUM BREATHING CAPACITY IN TWELVE CASES WITH **ALVEOLAR-CAPILLARY 
BLOCK” 
Total L Maximum 1: 
Vital Capacity | Residual Volume Residual Volume 100 Breathing 
% Predicted % Predicted Total L. Capacity Capacity 
% Predicte % Predicted 
Normal 100 100 100 100 
1. M.B 73 70 75 19 116 : 
2a. M. M 33 47 37 b's 86 3 
6. M. M.* 25 32 35 
63 115 73 25 120 
85 90 86 127 
4a. J. H. 42 43 42 26 107 
b. J. H.* 36 30 38 20 109 
51 84 58 28 89 
6. L. W. 32+ 63 38t 44+ 67 
8a. F. L. Ly! 64 57 28 106 
49 36 45 20 95 
9. F. S. 51 56 51 27 108 
10. E. M. 42 100 52 46 94 
11. M. H. 26 72 42 44 76 
12...J. i 50 70 58 29 108 


* Refers to a second study; M. M. = 18 months later, no change in clinical status; L. K. = 2}4 months later, 
after streptomycin treatment; J. H. = 18 months later, after development of congestive heart failure; F. L. = 1}¢ a ee 
months later, after treatment with cortisone, 12 days before death. oe 
t Poor cooperation was obtained in determining the vital capacity. ‘ 
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The presence of constant and at times ex- 
treme hyperventilation was demonstrated by 
studies during rest, standard exercise and re- 
covery. In spite of a large maximum breathing 
capacity this hyperventilation resulted in an 
abnormal reduction of the breathing reserve, 


nearly equal magnitude. The oxygen diffusing 
capacity was found to be lower than normal under 
resting conditions in the eleven patients in 
whom it was measured. 

Analysis of ventilation-perfusion relationships re- 
vealed a significant increase in the degree of 


TABLE It 
VENTILATION AND BREATHING RESERVE DURING THE STANDARD EXERCISE TEST AND 
INDEX OF INTRAPULMONARY MIXING IN TWELVE CASES WITH ‘“‘ALVEOLAR-CAPILLARY BLOCK” 


Ventilation Breathing Reserve 

Index 

of 
Case Intrapulmonary 

(L./min./M2?) | (L./min./M_?) (L. /min. /M2) (L. /min.) Ne % 

Normal 3.4 10.6 12.4 cy a 70 2.50 
1. M. B. 4.3 17.4 22.6 90 73 1.03 
2a. M. M. Pe | 16.1 14.4 51 54 1.01 
6. M.M.* 6.1 15.5 18.7 43 24 0.90 
3a. L. K. 6.2 102 100 1.39 
6. L. K.* 3.8 26.2 1Z-5 100 133 1.41 
4a. J. H. 5.0 14.7 22.7 59 43 1.29 
b. J. H.* 7.8 0.87 
5. E. H. 7.8 24.5 23.2 66 60 1.00 
6. L. W. 424 14.7 13.0 of 28 0.96 
7. E. L. 7.9 26.9 15.8 21 36 1.43 
8a. F. L. 5.9 13.8 16.5 100 96 1.04 
hi. F.E..* 6.0 18.7 23.1 82 66 1.68 
9. F.S. 9.0 30.7 29.5 58 63 1.05 
10. E. M. 5.4 17.0 18.1 39 26 2 
11. M. M. 10.1 0.97 
12. J. Hi. 9.1 2.58 


* Second study as in Table nm. 


¢ Standard exercise = Stepping up and down a platform 20 cm. high thirty times in one minute. 


especially during exercise and recovery from 
exercise in all but three patients. 

The arterial oxygen saturation fell from a normal 
or minimally reduced value at rest to a dis- 
tinctly low value during exercise. In every 
instance the calculated alveolar oxygen tension was 
normal, and in several of the cases exceeded 
the normal level. The alveolar-arterial oxyger. 
tension gradient was increased above normal in all 
patients when breathing room air at rest but 
in three of the cases this increase was small and 
probably insignificant. Of greater importance 
is the fact that all members of this group had an 
abnormally large alveolar-arterial oxygen ten- 
sion gradient when breathing an atmosphere 
with an oxygen concentration lower than that 
of ambient air. In most instances the alveolar- 
arterial oxygen gradients measured at two 
levels of inspired oxygen concentration were of 


calculated venous admixture in nine of the eleven 
cases in whom it was determined. It should be 
noted, however, that cardiac output was of 
sufficient magnitude to supply a normal effective 
pulmonary blood flow, measured in absolute 
terms, despite the increased fraction of venous 
admixture. 

An increase in physiologic dead space was noted 
in most of the cases. By constant and often 
marked hyperventilation, normal or increased 
values for effective alveolar ventilation were 
maintained even in those cases with a very 
large physiologic dead space. 

Studies of the hemodynamics of the pulmonary 
circulation revealed a mild to marked degree of 
hypertension in the pulmonary artery in all 
patients in whom measurements were made 
during a steady state of mild exercise. The 
cardiac output at rest was normal or increased 
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in all cases without congestive failure and was 
significantly decreased in two cases when it was 
measured during cardiac decompensation. The 
increase in cardiac output during mild exercise 
was in the expected range. 


series. Increasing disability from this syndrome 
does seem to be related to the appearance of 
arterial oxygen unsaturation at rest, and in the 
final stages to a return of the usually low arterial 
carbon dioxide tension at rest to normal or 


TABLE IV 
MEASUREMENTS OF GAS EXCHANGE IN TWELVE CASES WITH “‘ALVEOLAR-CAPILLARY BLOCK” 
Oxygen Consumption Arterial Blood 
Case Oxygen Saturation 
Rest Exercise * Rest | Exercise * = 
i 2 i 2 
cc./min./M? | cc./min./M2? | cc./L. cc. /L. | ‘Sin 
% % 

Normal 132 494 45.1 55.8 190 98 98 39 
1. M. B. 138 486 39.4 34.4 182 98 84 37 
2a. M. M. 138 349 25.3 25.8 158 96 79 37 

b. M.M.f 114 389 29.0 30.2 118 93 80 38 
Se. L: K. 190 604 37.5 34.8 213 96 88 31 
ae Pe 136 682 43.7 50.5 206 98 96 35 
4a. J. H. 121 333 29.3 27.0 146 96 79 37 
b. J. H.t 138 20.9 199 90 33 
5. E. H. 186 485 29.0 24.1 189 92 86 38 
6. L. W. £53 367 25.9 30.0 185 96 74 40 
Te 151 592 27.9 26.3 94 81 34 
8a. F. L. 133 331 27:5 4 23 200 96 75 33 
ee 139 421 28.6 27.3 201 90 68 33 
9. F.S. 151 373 18.8 14.7 181 91 72 43 

10. E. M. 130 358 28.5 20.5 186 92 67 39 

11. M. H. 144 17:0 198 78 43 

12. J. Hi 158 21.6 170 89 42 


* See footnote Table m. 
t Second study as in Table u. 


Observations on the physiologic course of this 
syndrome are available not only from studies on 
several patients at different clinical stages of 
their disease but also from repeated studies of 
the same patients. 

In the tables and case histories the patients 
have been arranged in order of increasing 
severity of their disability, as judged from their 
clinical findings when first seen. This arrange- 
ment makes it apparent that the disability is 
neither related to the reduction of lung volume 
nor to the maximum breathing capacity. The 
residual volume/total capacity ratio was in- 
creased in some of the patients with the most 
severe disease. An increase in this ratio has been 
reported by others}? in some cases of pulmonary 
granulomatosis following exposure to beryllium 
but it was not observed in such patients in this 
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slightly increased levels. The more advanced 
cases have in general a large physiologic dead 
space and venous admixture, and there appears 
to be some relationship between the severity of 
the disease and the degree of reduction of the 
oxygen diffusing capacity. 

Four of the twelve cases were’ studied twice. 
In one patient with generalized scleroderma 
(Case 1) there was no significant change during 
an eighteen-month period. During a similar 
interval in another patient (Case 1v) with a 

granulomatous disease of the lungs there was 
marked physiologic change with the appearance 
of arterial oxygen unsaturation at rest, an 
increase in the A-A pOsz gradients at rest both 
while breathing room air and a low oxygen 
mixture, a further decrease in the oxygen diffus- 
ing capacity, and an increase in the venous ad- 
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mixture and the dead space. In the latter patient 
irreversible congestive failure had developed, 
and a reduction in the cardiac output was ob- 
served a short time before death. More rapid 
progression took place in one of the patients 
(Case vu) who had been exposed to beryllium 
phosphors. During a period of 144 months 


TABLE V 
MEASUREMENT OF VENTILATION-PERFUSION RELATIONSHIP AND OXYGEN DIFFUSING CAPACITY IN TWELVE 
CASES WITH ‘“‘ALVEOLAR-CAPILLARY BLOCK’’ 


Impairment of Alveolar-capillary Diffusion—Austrian et al. 


percentage of venous admixture. However, it 
is of interest that there was no change in the 
degree of pulmonary hypertension after exercise. 


COMMENTS 


From these observations it is possible to 
identify a syndrome, “‘alveolar-capillary block,” 


A-A Gradient O 
Dead Space Effective a at re Levels Diffusing Venous 
in pO; Room Air ot Uxygen Capacity of in 
(mm. Hg) the Lung % 
entilation (L. /min. /M?) R (Dios) Cardiac Output 
Low O2 
Normal 30 Zia 100 12 12 15 6 
1. M. B. 27 31 114 27 26 10 13 
2a. M. M. 26 3.8 109 13 . 33 5 3 
6. M. M.* 33 3.2 105 19 23 5 5 
3a. L. K. 26 4.6 121 30 32 10 12 
63.:K%.* 15 3.2 116 16 12 17 5 
4a. J. H. 38 3:1 120 23 22 9 8 
ge a. ing 46 4.2 112 44 27 6 14 
5. E. H. 42 4.5 110 34 30 8 14 
6. L. W. 44 4.0 111 34 29 7 43 
7; Bh. 46 » 4.3 114 33 31 7 15 
8a. F. L. 46 eS 102 16 22 sg 6 
33 4.0 114 45 43 
9. F.S. 67 3.0 107 53 42 6 34 
10. E. M. 40 3.2 98 16 32 rad oe 
11. M. H. 57 4.4 98 61t 49 4 25 
12. J. Hi. 58 3.8 106 46 43 6 22 


* Second study as in Table nu. 
t Inspired oxygen concentration 25 per cent. 


it was observed that arterial oxygen unsaturation 
at rest appeared and that there had been a 
marked increase in the alveolar-arterial oxygen 
tension gradient both while breathing room air 
and a lower inspired oxygen concentration. 
The physiologic changes which accompany 
clinical improvement in this syndrome were 
observed only once (Case m1) in the patients 
reported here. This improvement occurred, as 
has been previously mentioned, during treat- 
ment with streptomycin and was characterized 
by a slight increase in lung volume; a marked 
decrease in hyperventilation at rest and during 
the first minute of recovery from exercise, a 
decrease in the resting oxygen consumption, the 
presence of a normal arterial oxygen saturation 
after exercise and a return to normal of the 
oxygen diffusing capacity of the lungs and the 


which has distinct clinical, pathologic and 
physiologic features. Most of the findings 
characteristic of this condition were described 
previously by Baldwin, Cournand and Richards.’ 
The clinical observations made here extend the 
list of pathologic processes with which the syn- 
drome is associated to include Boeck’s sarcoid 
and the granulomatosis following exposure to 
beryllium. In the earlier work five cases of 
Boeck’s sarcoid were reported but in all of these 
cases the only physiologic abnormalities found 
were characteristic of isolated ventilatory in- 
sufficiency and no evidence of interference with 
the transfer of oxygen to the arterial blood was 
discovered. The present study makes it clear, 
however, that in some cases of Boeck’s sarcoid 
with pulmonary involvement there may be an 
impedance to the diffusion of oxygen. The 
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reason for these different physiologic patterns is 
not clear. 

It is possible that the lesions in some cases are 
located predominantly in the alveolar-capillary 
septa while in others they are chiefly elsewhere. 
It may also be that although involvement of this 


assumption of Wright and others’* that there 
is an interference with the diffusion of oxygen 
across the alveolar membrane in such patients. 
With the physiologic data available ir the work 
of Baldwin and her associates referred to, the 
reasons for the defective gas exchange could not 


TABLE VI 
HEMODYNAMIC MEASUREMENTS IN TWELVE CASES WITH ‘‘ALVEOLAR-CAPILLARY BLOCK”’ 
Arterio- Pulmonary Artery Systemic Artery 
Dalen Oxygen Venous Cardiac 
Case Rate Consumption Oxygen Index 
(cc./min./M?) | Difference | (L./min./M?) s/d m s/d m 
(cc. /L.) (mm. Hg) | (mm. Hg) | (mm. ‘Hg) | (mm. Hg) 
Normal 
Rest Se 126 mee 3.3 20/9 13 112/65 84 
Exercise ee (406) * (73) (5.4) (13/4) (11) (125/78) (100) 
1. M. B. 84 133 34 3.2 21/9 15 130/78 103 
(120) (301) (59) (5.1) (26/9) (18) (174/100) (139) 
2a. M. M. 79 133 Sir 3.6 32/13 20 95/57 74 
(105) (313) (60) (39) (140/85) (104) 
b. M.M.f| 70 141 ce 29/12 19 134/87 106 
3a. L. K. 100 185 38 4.9 30/12 19 126/75 93 
(120) (317) (49) (6.5) (46/13) (24) (124/61) (83) 
82 174 3.8 28/12 18 145/94 114 
(104) (376) (59) (6.4) (38/15) (24) (156/102) (122) 
4a. J. H. 96 115 1 ke | 35/14 123/83 100 
5. E. H. 107 196 41 4.8 35/14 23 96/63 75 
6. L. W. 110 165 46 3.6 34/15 Bie ess 
7, EL. 82 149 44 3.4 24/12 17 112/69 84 
(92) (280) (56) (5.0) (44/21) 
8a. F. L. 80 140 49 2.9 30/14 21 108/80 92 
9. F.S. 115 159 45 ao 27/10 71 
10. E. M. 90 126 39 a 58/20 34 121/69 91 
11. M. H. 92 144 56 2.6 69/25 43 120/59 81 


* Figures in parentheses represent exercise data obtained during ‘‘steady state”’ exercise. 


+ Second study as in Table 1. 


region is always present it is neither severe 
enough nor sufficiently widespread to interfere 
with diffusion in the lung as a whole; or the 
granulomatous lesions are such that they pro- 
duce an obliteration of both alveolus and capil- 
lary, a condition which would produce im- 
pedance to diffusion only if it was very extensive. 
The finding of another case of pulmonary 
granulomatosis, in which the granulomas con- 
tained numerous foreign body giant cells and 
bi-refractile crystals confirms the earlier ob- 
servation! that a granulomatous lesion of as 
yet unknown etiology but, with these particular 
histologic characteristics, may be among the 
causes of this syndrome. The inclusion of the 
beryllium cases in this group confirms the 
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be precisely defined. Although the results of this 
study lend strong support to the previous in- 
ferences that this syndrome is characterized 
primarily by a disturbance in the diffusion of 
oxygen across the alveolar membrane, the new 
information has also revealed that the distinc- 
tion between diffusion defects and disturbances 
in the ventilation-perfusion relationships is not 
absolutely clear-cut in the late or advanced 
stages of these diseases. Finally, hemodynamic 
measurements in all patients and complete 
studies on two different occasions in four patients 
have served to give a more comprehensive 
description of this syndrome. 

Analysis of the results of physiologic studies 
yields information about the derangement of 
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cardiopulmonary function. Reduction of the 
total pulmonary capacity is not remarkable 
when one considers the extensive fibrotic or 
granulomatous involvement of the lungs. The 
pathologic process apparently reduces the avail- 
able air spaces. The normal or nearly normal 
ratio of residual volume to total capacity in all 
but three instances, together with the normal 
spirograms, suggests that generalized emphysema 
is not a part of this pattern; in fact, when 
pathologic examination demonstrates any em- 
physema, it is usually of the focal type. 

The persistence of a normal maximum breath- 
ing capacity with such widespread pulmonary 
disease is of interest. It implies that the relation- 
ship which exists normally between the motive 
forces produced by the chest muscles to deform 
the lung and those resulting from the elastic and 
non-elastic resistances in the lung has not been 
greatly modified even under conditions of maxi- 
mum effort. If the anatomic changes in these 
lungs tend to increase their elastic resistance, as 
seems likely, and if continuous hyperventilation 
is present, as it is, hypertrophy of the respiratory 
muscles or improvement in their coordination 
must have taken place to account for this well 
preserved maximum breathing capacity. 

Various mechanisms may be involved in the 
marked hyperventilation at rest and during 
exercise. In characterizing this syndrome em- 
phasis has been placed on the lack of arterial 
anoxia at rest in all but the most abnormal cases. 
Thus anoxia cannot be implicated in the resting 
hyperventilation and it must be due either to 
some abnormal reflex stimulus to the respiratory 
center or to a respiratory center in which chemo- 
sensitive cells are more than normally sensitive 
to carbon dioxide (supranormal centrogenic 
drive). The infiltrative process in the lungs may 
well give rise to excessive stimuli via the stretch 
reflexes and thus explain the initiation of hyper- 
ventilation. Once established, hyperventilation 
leads to lowering of arterial carbon dioxide 
tension which in turn is followed by a reduction 
of the alkaline reserve. Both of these have been 
observed in many of the patients reported here. 
As has been shown in altitude studies,!’ the 
existence of a decreased alkaline reserve lowers 
the threshold of stimulation of the respiratory 
center to carbon dioxide. Thus a supranormal 
centrogenic drive may be present and may well 
act as an additional factor in maintaining hyper- 
ventilation. The marked arterial oxygen un- 
saturation which occurs during exercise will 
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produce, by its effect on the chemosensitive cells 
of the carotid body, an additional strong stimulus 
to ventilation. 

The impairment of oxygen transfer from the 
atmosphere to the blood constitutes the most 
interesting and important defect observed in 
this syndrome. The consistently high alveolar 
oxygen tensions which are present eliminate the 
possibility of any defect in the transfer of oxygen 
from atmosphere to alveolus. Of the two causes 
for the increased oxygen gradient between the 
alveolus and the arterial blood, namely, ab- 
normal ventilation-perfusion relationships and 
a reduced oxygen diffusing capacity, the latter 
is of much greater significance in this syndrome. 
In contrast to the sometimes normal physiologic 
dead space and percentage of venous admixture 
all of these individuals had a reduction in the 
oxygen diffusing capacity of the lung. The low 
diffusing capacity may either be due to a reduc- 
tion in the total area of alveolar membrane 
which is available for the diffusion of gases, or 
to a reduction in the permeability of this mem- 
brane per unit of area, or to both. The observa- 
tion of rather widespread thickening of the 
alveolar capillary septa suggests that the reduc- 
tion in permeability per unit area is the major 
reason for the low diffusing capacity. Whether 
the area of alveolocapillary interface is also 
reduced under resting conditions cannot be 
determined. 

The observation that many of these patients 
have a normal resting arterial oxygen saturation 
while breathing room air at rest is not surprising, 
even in the presence of a significant reduction 
of the resting oxygen diffusing capacity. The 
theoretic considerations developed by Riley 
and others® indicate that in spite of a marked 
reduction of the oxygen diffusing capacity, the 
pulmonary capillary blood will still be almost 
fully saturated if the alveolar oxygen tension is 
normal. The marked arterial oxygen unsatura- 
tion that occurs in these patients after exercise is 
probably related to a reduced ability to increase 
the oxygen diffusing capacity of their lungs. 
Lilienthal, Riley et al.? have shown that the 
increase in oxygen intake that occurs during 
severe exercise in normal subjects is associated 
with a six- to seven-fold increase in their oxygen 
diffusing capacity. It would seem reasonable to 
assume that this larger Oe diffusing capacity 
results from an increase in the area available 
for gasequs diffusion. The finding of an increase 
in the pulmonary artery pressure during mild 
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exercise in all cases in which it was measured 
suggests that these patients may be unable to 
increase the area of their pulmonary capillary 
bed during exercise. Hence such an inability to 
increase area would prevent the increase in 
oxygen diffusing capacity necessary to maintain 
a normal arterial oxygen saturation. 

The dead space and venous admixture meas- 
urements were abnormal in some of these 
patients. Such abnormalities usually indicate 
defective ventilation-perfusion relationships; yet, 
by other tests these individuals had efficient 
intrapulmonary gas mixing and alveolar ventila- 
tion and no emphysema. Riley et al.® point out 
that by the analysis employed here the only 
method of distinguishing between distribution 
and diffusion effects is based on the assumption 
that alveolar and capillary carbon dioxide 
tensions are identical at the end of the capillary. 
They further state that ‘‘a small but significant 
carbon dioxide diffusion gradient exists in. . . 
cases in which diffusion is severely impaired in 
all parts of the lungs, but more severely im- 
paired in some parts than others.” In such 
instances the presence of this gradient con- 
tributes to the measurements of dead space and 
venous admixture. 

The distinctive characteristics of the pul- 
monary circulation in this syndrome have been 
previously discussed briefly.'* In those patients 
without cardiac failure an increase in cardiac 
output was often observed and was associated 
with a higher than normal oxygen intake. The 
consistency of these two findings in this group of 
patients does not seem to be due to the absence 
of a “‘steady state”’ or to the presence of anxiety. 
These patients appeared as free of anxiety as 
other patients with different diagnoses who were 
studied during the same period and who did not 
show larger than normal oxygen intake. Fur- 
thermore, on repeated measurements, with or 
without a cardiac catheter in place, the oxygen 
intake was elevated. It is likely therefore that 
the disseminated and active pathologic process 
found in many of these cases caused an increased 
metabolism. When right heart failure developed 


in the final stages of two of these patients, the | 


low cardiac output was in distinct contrast to 
what has been described in cases of chronic 
pulmonary emphysema with anoxia, but similar 
to what is observed in cases of pulmonary 
disease with restriction of the pulmonary vascu- 
lar bed. The elevated pulmonary artery pressure 
which was noted in nearly every case must be 
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due to a reduced vascular bed since anoxia is 
present only during exercise until late in the 
course of this syndrome. Finally, it must be 
emphasized that the absence of a continuous 
anoxic stimulus to the bone marrow probably 
explains the absence of polycythemia in most 
of these patients. It was only in the terminal 
stages, when arterial anoxia of severe degree 
develops at rest, that a significant increase in 
red blood cell volume was observed. 


CASE REPORTS 


CasE I. M. B., a thirty-four year old white 
female was admitted to the hospital on February 
8, 1949, complaining of shortness of breath of 
four to five years’ duration. Between the ages 
of eighteen and twenty-two years she was ex- 
posed to beryllium phosphors while working in 
a factory which made fluorescent light bulbs. 
At about the age of thirty the patient became 
aware of mild exertional dyspnea and fatiga- 
bility. A year later a routine x-ray film of her 
chest was abnormal. Her exertional dyspnea 
continued but did not progress. 

The only significant physical findings were 
moderate tachypnea, an accentuated second 
pulmonic sound and slight clubbing of the 
fingers. There was no cyanosis. X-ray of the 
chest showed fine nodular infiltration distributed 
evenly throughout both lung fields. (Fig. 1.) 

There was no change in her status while she 
was in the hospital and she was discharged to 
her home. 

CasE u. M. M. was a twenty-two year old 
colored woman. Two years before hospitaliza- 
tion depigmentation in the left scapular region 
occurred. A year later changes characteristic 
of scleroderma were noted in the skin of the face 
and upper extremities. At this time the patient 
developed a cough and mild dyspnea on exer- 
tion. She was admitted to the hospital on May 
24, 1948, and presented the physical findings of 
well established scleroderma. In addition, 
thoracic expansion was limited, fine rales were 
heard posteriorly over both lungs and the second 
pulmonic sound was accentuated. There was 
no tachypnea nor clubbing of the fingers. 

X-ray of the chest (Fig. 2) showed diffuse fine 
nodular infiltrates in both lungs. Barium swal- 
low demonstrated delayed emptying of the 
esophagus. 

She was readmitted to the hospital for physi- 
ologic studies eighteen months after her first 
admission. During this interval there had been 
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no change in her clinical findings. The effect 
of treatment with cortisone in this patient has 
been reported elsewhere.”° 

Case m. L. K. was a twenty-nine year old 
white Polish man admitted to the hospital on 
September 20, 1948, complaining of weakness, 
shortness of breath on exertion and night sweats 
of four months’ duration. Six years prior to 
admission he had bilateral pneumonia com- 
plicated by pleural effusion and pericarditis 
from which he had recovered. His present 
illness began insidiously with the development 
of vague thoracic discomfort, fatigability and 
occasional elevations of temperature to 99°F. 
An x-ray of the chest taken four months after 
the onset of symptoms demonstrated bilateral 
fine nodular infiltration of the lungs. 

Physical examination revealed a well de- 
veloped, thin patient who did not appear 
seriously ill. He showed mild tachypnea, slight 
limitation of chest expansion and fine rales 
over the lower half of each lung posteriorly. 
The tuberculin reaction was positive. Tubercle 
bacilli were never recovered from his sputum. 
An electrocardiogram shortly after admission 
showed a prolonged P-R interval. X-ray of the 
chest showed fine nodular shadows scattered 
throughout both lung fields. (Fig. 3a.) 

The patient was treated with streptomycin, 
receiving 1 gm. daily for forty-two days. Coin- 
cident with therapy the respiratory symptoms 
decreased, his slightly productive cough dis- 
appeared and he gained 18 pounds. These 
clinical findings were associated with marked 
clearing of the pulmonary infiltration (Fig. 3s) 
and with a return of the electrocardiogram to 
normal. The patient was discharged and has 
remained well for eighteen months. 

CasEIv. J. H., a forty-seven year old colored 
female, had had four respiratory illnesses in 
the eight years preceding her first admission, 
on March 21, 1949. Each was characterized by 
fever, cough productive of small amounts of 
mucoid sputum and weight loss. Her chest 
x-ray was known to have been abnormal for 
at least four years before her first admission, and 
dyspnea on exertion had been present for about 
two years. On physical examination she ap- 
peared chronically ill. There was tachypnea, 
moderate axillary lymph node enlargement, 
limited chest expansion, rales at the base of 
both lungs, a greatly accentuated second pul- 
monic sound and clubbing of the fingers. 

X-ray of the chest (Fig. 4) revealed irregular 


and coarse infiltration of both lungs. The electro- 
cardiogram was normal. Hematocrit was 39 
and blood volume was normal. 

Sections of an axillary lymph node showed 
replacement of lymphoid tissue by numerous 
discrete and confluent epitheloid tubercles con- 
taining large numbers of foreign body type giant 
cells. Within the giant cells were noted large frag- 
ments of doubly refractile crystalline material. 

The patient had another admission one and a 
half years later because of the abrupt onset of 
fever and an increase in her cough and dyspnea. 
On physical examination she was acutely ill. 
Her temperature was 104°F., pulse 120 and 
respirations 60 per minute. Cyanosis, severe 
dyspnea, ankle edema and enlargement of the 
liver were now present in addition to her previ- 
ous findings. The x-ray of the chest showed no 
significant change from that of her previous ad- 
mission but the electrocardiogram now showed 
evidence of right ventricular hypertrophy. 

The white blood count was 14,250, venous 
pressure 190 mm. saline, decholin circulation 
time 25 seconds and hematocrit 47 per cent. She 
was given penicillin, aureomycin, digitalis and 
mercurial diuretics with a dramatic temporary 
improvement in her dyspnea and a rapid fall in 
her temperature. For a brief period after admis- 
sion her edema cleared, but her dyspnea re- 
mained severe enough to confine her to bed. 
During the four months that she remained in 
the hospital on this second admission there was 
a steady increase in her dyspnea, cyanosis and 
signs of right-sided cardiac failure. For a brief 
period she also received cortisone, without 
definite benefit. Progressive cardiorespiratory 
insufficiency resulted in death. 

Autopsy showed widespread pulmonary fibro- 
sis (Fig. 13) involving the alveolar-capillary 
septa. There was evidence of bronchiectasis at 
both bases. No granulomatous lesions were 
found in the lungs but granulomatous lesions 
containing epithelioid cells, foreign body giant 
cells and bi-refractile crystals were present in 
the hilar and mediastinal lymph nodes. These 
lesions were similar to those found in Case v. 
Marked right ventricular hypertrophy was 
present. 

Case v. E. H., a seventeen year old white 
boy was admitted to the hospital on November 
11, 1949, with the chief complaint of weakness. 
Two years previously he had had “‘virus pneu- 
monia” marked by a prolonged convalescence. 
Thereafter the patient was never free of cough. 
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Fic. 14. Case v. Biopsy of lung of E. H.; pulmonary 
granulomatosis of unknown etiology; hematoxylin and 
eosin stain; X 160. 


Fic. 13. Case 1v. Microscopic section of lung of 
J. H.; pulmonary fibrosis of unknown etiology; 
hematoxylin and eosin stain; X 160. 


For a year he had noted increasing exertional 
dyspnea. Two weeks before admission he had an 
increase in dyspnea, intermittent pleuritic pain 
in the left chest, anorexia and low-grade fever. 
On physical examination the patient appeared 
poorly nourished. There was tachypnea, fine 
rales at the lung base, slightly enlarged supra- 
clavicular and axillary lymph nodes and club- 
bing of the fingers. 

X-ray of the chest (Fig. 5) showed a bilateral 
diffuse granular infiltration. There was also 
bilateral hilar and mediastinal lymph node 
enlargement. Biopsies of the lung (Fig. 14), 
mediastinal and axillary lymph nodes were 
obtained. The lung biopsy revealed disruption 
of pulmonary architecture by granulomas in 
the peribronchial and perivascular connective 
tissue and in the interalveolar septa. The lesions 
were discrete, consisting of epithelioid and giant 
cells of the foreign body type, the latter contain- 
ing laminated, crystalline, doubly refractile 
bodies. Mediastinal and axillary lymph nodes 
showed almost complete replacement of the 
normal gland structure by similar granulomas. 
The effect of treatment with cortisone upon 
the clinical, physiologic and pathologic picture 
in the patient has been reported separately.”° 

CasE vi. L. W., a nineteen year old colored 
woman, was admitted to the hospital on Septem- 
ber 11, 1950. About five years before admission 
she became aware of shortness of breath on 
exertion which slowly but steadily progressed 
in severity. At that time she also noted the ap- 
pearance of nodular swellings on her nose. For 
about two years preceding admission she had a 
cough productive of small amounts of whitish 
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sputum and a progressive weight loss which 
amounted to 17 pounds. On physical examina- 
tion she appeared chronically ill. There were 
several discrete, non-ulcerated nodules about the 
tip of the nose. The lungs were normal. There 
was an accentuated second pulmonic sound. 

X-ray of the chest (Fig. 6) showed a broad- 
ened mediastinum and finely nodular densities, 
closely packed, scattered through both lung 
fields. X-ray of the hands showed multiple cystic 
changes in the phalanges. Two cultures and four 
smears of her sputa failed to show tubercle 
bacilli. Her skin test to old tuberculin was 
positive. The albumin/globulin ratio was 
4.2/5.0. Biopsies of one of the skin nodules 
and of acervical lymph node showed a granulom- 
atous lesion consistent with the diagnosis of 
Boeck’s sarcoid. The electrocardiogram showed 
evidence of right ventricular hypertrophy. 

The effect of treatment with cortisone upon 
the clinical and physiologic picture in the pa- 
tient is to be reported at a later date. 

CasE vu. E. L., a forty-seven year old 
colored woman, was admitted to the hospital 
on December 4, 1948, complaining of cough and 
weight loss. In the past she had worked as a 
dispenser of cosmetics. In the year prior to 
admission she gradually developed a respiratory 
illness characterized by cough which was at 
first non-productive, increasing dyspnea and 
orthopnea and a weight loss of 30 pounds. Six 
months before admission a chest x-ray was 
found to be abnormal. 

Physical examination revealed a well devel- 
oped, somewhat undernourished woman who 
appeared both acutely and chronically ill. 
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Fic. 15. Case vu. Microscopic section of lung of E. L.; 
pulmonary fibrosis; hematoxylin and eosin stain; 
X 160. 


Respirations were rapid and panting in charac- 
ter and bouts of dyspnea were occasioned by 
paroxysms of cough productive of scant amounts 
of mucoid, slightly purulent sputum. The 
anteroposterior diameter of the thorax was 
increased slightly and expansion of the chest was 
limited. Breath sounds were everywhere dimin- 
ished and accompanied by showers of fine rales. 


There was marked accentuation of the second . 


pulmonic sound. 

X-ray of the chest (Fig. 7) showed diffuse 
finely nodular infiltration of both lungs. During 
nineteen months in the hospital her dyspnea 
increased and her cough became productive of 
sputum which was purulent and at times foul. 
Therapy with oxygen and antibiotics produced 
no significant change in her condition. She was 
transferred to another hospital for chronic care. 
Death from progressive respiratory failure com- 
plicated by hemoptysis occurred about seven 
months after this transfer. Autopsy showed wide- 
spread pulmonary fibrosis involving the alveolar- 
capillary septa. (Fig. 15.) This fibrosis was of 
non-specific character, but a few tiny islands of 
granulomatous lesions characteristic of Boeck’s 
sarcoid were found within it. There was wide- 
spread bronchiolectasis in both lower lobes. 
Granulomatous lesions characteristic of Boeck’s 
sarcoid were present in the liver and spleen. 

Case vi. F. L. was a thirty-nine year old 
electrician admitted to the hospital on October 
30, 1950. In the five years preceding admission 
he had broken many fluorescent bulbs and was 
thus exposed to beryllium phosphors. Two 
years before admission a chest x-ray was said 
to show a diffuse pulmonary infiltration. Nine 
months prior to admission he developed an 


Fic. 16. Case vit. Microscopic section of lung of F. L.; 
pulmonary fibrosis; exposure to beryllium; hema- 
toxylin and eosin stain; X 160. 


acute respiratory illness and a diagnosis of 
‘virus pneumonia” was made. Following this 
he had a persistent dry cough and exertional 
dyspnea. Physical examination showed a healthy 
looking man who was breathing rapidly. There 
was cyanosis, rales over the lower half of the 
chest posteriorly and marked clubbing of fingers. 

X-ray of the chest revealed a uniform nodular 
infiltration involving both lung fields. (Fig. 8.) 
Treatment with cortisone was started. The 
details of this therapy will be reported at a later 
date. During seven weeks of hospitalization 
there was a steady increase in exertional dyspnea. 
About ten days before his death he complained 
of chest pain. An increase in his sputum, more 
cyanosis, fever to as high as 103°F, an elevated 
white blood count and an increase in the num- 
ber of rales were noted. Bronchopneumoina was 
believed to be present and therapy with anti- 
biotics and oxygen was started. Two days before 
his death a rapid cardiac rate and a diastolic 
gallop were present. Electrocardiogram showed 
evidence of acute cor pulmonale. His condition 
deteriorated rapidly and he died of cardio- 
respiratory failure about ten months after his 
first significant symptom and two months after 
leaving full-time work. 

Autopsy showed diffuse pulmonary fibrosis 
with a marked increase in the thickness of the 
alveolar-capillary septa. (Fig. 16.) No granu- 
lomatous lesions were found in the lungs or 
lymph nodes. Beryllium could not be identified 
spectrographically in the lungs but was identified 
in the hilar lymph nodes. The lungs showed 
bronchiolectasis in both lower lobes and there 
was evidence of terminal bronchopneumonia. 

Case 1x. F. S. was a forty-three year old 
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white man who entered the hospital on Septem- 
ber 13, 1948, complaining of cough and short- 
ness of breath. Except for a ten-year history of 
‘‘sinusitis’”” he had enjoyed good health. In the 
three years before admission he had developed 
an increasing and productive cough as well as 
progressive dyspnea. He had also lost 25 pounds. 
He gave no history of exposure to toxic agents. 
Physical examination showed a_tachypneic, 
chronically ill man. The anteroposterior diam- 
eter of the chest was slightly increased and 
expansion of the thorax was limited. Fine rales 
were present over both lungs. The second 
pulmonic sound was accentuated. There was 
moderate clubbing of the fingers and toes. 

X-ray of the chest (Fig. 9) showed extensive 
diffuse reticular infiltration throughout both 
lungs, more marked on the right. There was no 
clinical change during hospitalization of two 
months and he was discharged to his home. 

Case x. E. M. was a sixty year old colored 
woman admitted to the hospital on November 
13, 1947. She had been well until a year before 
hospitalization when she developed exertional 
dyspnea and a non-productive cough. Physical 
examination showed only persistent rales at both 
lung bases. 

X-ray of the chest (Fig. 10) showed a linear 
and patchy infiltration throughout both lung 
fields but greater on the right where there was 
also evidence of some pleural fibrosis. There was 
no significant change in her clinical status during 
hospitalization for three months and she was 
discharged to her home. 

Case x1. M. H., a sixty-four year old white 
woman, had had for the twenty years preceding 
admission a chronic non-productive cough and 
periodic episodes of acute respiratory illness. 
Dyspnea on exertion, which increased in its 
severity progressively, was first noted about 
seven years before admission. Two months be- 
fore entering Bellevue Hospital, on March 28, 
1950, ankle edema was noted at another hospital. 
Physiologic studies there revealed pulmonary 
hypertension, an elevated right ventricular end 
diastolic pressure, polycythemia and arterial 
oxygen unsaturation. Digitalization and phle- 
botomies were followed by loss of edema. An- 
other acute episode led to her entry to Bellevue. 
On physical examination the positive findings 
were fever of 101°F., tachypnea, cyanosis, rales 
over the lower portions of both lungs, an accen- 
tuated pulmonic second sound, an enlarged liver 
and marked clubbing of the fingers. The electro- 
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Fic. 17. Case xu. Microscopic section of lung of J. Hi.; 
pulmonary granulomatosis after exposure to beryl- 
lium; hematoxylin and eosin stain; X 200. 


cardiogram showed peaked P waves in lead 
and digitalis effect. 

X-ray of the chest revealed a widespread 
nodular infiltration (Fig. 11) throughout both 
lung fields. On penicillin and aureomycin her 
temperature returned to normal by the fourth 
hospital day. Digitalis and mercurial diuretics 
were also given, with considerable improvement 
in her dyspnea. She left the hospital after a few 
weeks and is known to have died at home four 
months later with symptoms of severe respira- 
tory insufficiency. 

CasE xu. J. Hi., a sixty-six year old white 
male electrician, was admitted to the hospital 
on June 6, 1949, complaining of shortness of 
breath, weakness and loss of appetite of six 
weeks’ duration. Twenty years previously he 
had been shot in the left chest and the bullet 
remained embedded in the chest wall. For nine 
years, as a result of breaking fluorescent light 
bulbs, he had been exposed to beryllium phos- 
phors and for several years he had had cough 
productive of 1 to 3 ounces of clear mucoid 
sputum daily. This symptom became somewhat 
worse before admission and was accompanied 
by slight dyspnea at rest and marked dyspnea 
on mild exertion. In addition, the patient lost 
30 pounds in the six months before hospitaliza- 
tion. On physical examination the patient 
showed poor nutrition, tachypnea, slight cyano- 
sis, limited chest expansion with an increased 
anteroposterior diameter, rales at both bases, an 
accentuated pulmonic second sound and club- 
bing of the fingers. The electrocardiogram re- 
vealed alternating left and right bundle branch 
block. 

X-ray of the chest showed dense homogeneous 
infiltrations of a reticular type involving the 
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lower two-thirds of both lung fields, more 
marked on the right. (Fig. 12.) Two months 
after study he developed a right spontaneous 
pneumothorax. Despite re-expansion of the right 
lung he grew progressively more dyspneic and 
dependent upon oxygen therapy. He died of 
respiratory failure five months after study. 

At autopsy the lungs were nodular and lacked 
normal crepitation. There was evidence of 
marked interstitial thickening with preservation 
of the air spaces. In addition the upper lobes 
showed confluent areas of fibrosis obliterating 
the normal pulmonary architecture. Sections 
of the lungs showed two types of pathologic 
processes. At the apices the parenchyma was 
replaced by proliferating granulation tissue 
infiltrated with lymphocytes, plasma cells and 
mononuclear cells and contained Langhans and 
foreign body giant cells. The few remaining air 
spaces were reduced to narrow slits. In sections 
from the basal portions of the lungs the outlines 
of pulmonary architecture were preserved but 
the alveolar walls were thickened markedly by 
similar granulation tissue with resultant reduc- 
tion of the alveolar air spaces. (Fig. 17.) An 
additional finding of interest was the presence 
in all sections of the lungs of marked encroach- 
ment upon the lumen of pulmonary arteries by 
intimal proliferation. 


SUMMARY 


1. Twelve additional cases with various dif- 
fuse diseases of the lungs characterized physi- 
ologically principally by interference with the 
diffusion of oxygen across the alveolar-capillary 
septum have been studied. 

2. The patients in this group included two 
with pulmonary granulomatosis following ex- 
posure to beryllium; one with pulmonary 
granulomatosis of the Boeck’s sarcoid type; one 
with pulmonary granulomatosis of undeter- 
mined etiology, in which the granulomatous 
lesion contained unusually large numbers of 
foreign body-type giant cells and bi-refractile 
crystals; one patient with scleroderma; three 
patients with pulmonary fibrosis of unknown 
etiology (in one case after exposure to beryllium, 
in two Cases associated with granulomas in other 
organs), and four cases in which a diagnosis 
could not be made. 

3. The pattern of pulmonary dysfunction con- 
sisted of (1) reduced lung volumes, (2) main- 
tenance of a large maximum breathing capacity, 
(3) hyperventilation at rest and during exer- 


cise, (4) normal or nearly normal arterial oxygen 
saturation at rest but a marked reduction of the 
arterial oxygen saturation after exercise, (5) 
normal alveolar oxygen tension, (6) a reduced 
oxygen diffusing capacity and (7) pulmonary 
artery hypertension. 

4. In some severe cases the dead space-like 
ventilation and the venous admixture-like per- 
fusion was increased. These findings have been 
interpreted as an indication of the inhomogene- 
ous nature of the pathologic process. 

5. The clinical findings have been analyzed 
in the light of the physiologic data and the 
evolutionary trends, both clinical and physio- 
logic, have been described. 

6. Because the major pathologic changes are 
localized in the alveolar capillary septa and 
because the major physiologic defect is a reduc- 
tion of the permeability of the alveolar capillary 
membrane for oxygen, the name “alveolar- 
capillary block’’ has been tentatively offered to 
describe this syndrome. 
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Primary Pulmonary Hypertension’ 


I. Clinical and Hemodynamic Study 


Davip 'T. DRESDALE, M.D., MARTIN SCHULTZ, M.D. and RoBERT J. MICHTOM, M.D. 
Brooklyn, New York 


ULMONARY hypertension is known to occur 

in association with left heart failure, 

chronic pulmonary disease, certain types 
of congenital heart disease (especially those with 
increased pulmonary blood flow), diffuse pul- 
monary embolism, kyphoscoliotic heart disease 
and specific affections of the pulmonary vascular 
bed. There is also a primary form of pulmonary 
hypertension, which is defined as that condition 
in which an elevated pulmonary artery pressure 
exists without demonstrable cause. We believe 
that primary pulmonary hypertension, which 
has emerged as a distinct entity since the advent 
of right heart catheterization,! is the cause 
of isolated right ventricular hypertrophy?—** 
whether or not associated with pulmonary 
vascular sclerosis. 

Hypertrophy of the right ventricle in the 
absence of the previously mentioned disorders 
was reported by Romberg” in 1891. There has 
been considerable speculation concerning the 
primary role of pulmonary hypertension}*:!*—19 
in this condition. Since pulmonary vascular 
sclerosis was not constantly found, doubt was 
cast on hypertension in the lesser circulation 
as the cause of the right ventricular hypertrophy. 
De Navasquez et al.,!” for example, preferred to 
designate their cases as “idiopathic right ven- 
tricular hypertrophy” rather than introduce 
the concept of pulmonary hypertension since no 
significant changes were found in the pulmonary 
blood vessels in their cases at necropsy. 

Autopsied cases which we consider to fall into 
the category of primary pulmonary hypertension 
have been reported under various titles, such as 
“primary pulmonary vascular 
“right ventricular hypertrophy of unknown 
origin: so-called pulmonary hypertension,”’!’ 
“isolated hypertrophy of the right ventricle of 
the heart of unknown cause.’?° These titles 


stressed different facets of the pathophysiologic 
features of this disease. All cases showed marked 
right ventricular hypertrophy, but the nature, 
distribution and severity of the pulmonary 
vascular changes proximal to the capillaries 
showed considerable variation. The predominant 
changes were atheromatous lesions of the stem 
and large elastic arteries, alone or in conjunction 
with fibrous intimal thickening and narrowing 
of the smaller arteries and arterioles. Medial 
hypertrophy was occasionally noted. In about 
half of the reported cases occlusive lesions of the 
smaller arteries and arterioles were described. 
Most of these changes have been ascribed to 
intimal sclerosis and some to thrombi in various 
stages of organization. A small group remains 
in which the pathogenesis of the occlusive lesions 
cannot be definitely established and may con- 
ceivably represent organized pulmonary emboli 
or healed inflammatory lesions. The last group, 
of course, would not fit into the category of 
primary pulmonary hypertension. Whether the 
obliterative sclerosis or thrombosis, when seen, 
is the cause or the effect of the hypertension has 
evoked considerable difference of opinion. 
Arguments against the primary role of the 
vascular changes are (1) the absence of these 
findings in some cases of isolated right ventricu- 
lar hypertrophy, gone of which was 
proven to have pulmonary hypertension by 
heart catheterization,?? and (2) the finding of 
pulmonary arteriosclerosis unassociated with 
right ventricular hypertrophy. 

Ten*?:25-27 catheterized cases of pulmonary 
hypertension without demonstrable cause have 
been mentioned in the literature. Although 
Nellen®* reported two cases with hemodynamic 
studies as “idiopathic pulmonary hypertension,” 
they are not included because of extensive 
thromboses involving the major pulmonary 


* From the Medical Service, Maimonides Hospital of Brooklyn and the Department of Medicine, State University 
of New York at New York City, College of Medicine. This investigation was supported in part by a research grant from 
the National Heart Institute of the National Institutes of Health, Public Health Service. 
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arteries. In only three of the ten cases were 
hemodynamic studies reported. The data were 
limited to pressure determinations in the pul- 
monary artery or right ventricle or both. 

Prior to the introduction of heart catheteriza- 
tion technics this disease was considered to be 


rare. In 1931 MacCallum"! reported one case in 


12,000 autopsies at the Johns Hopkins Hospital. 
In 1939 Killingsworth!® reported one case in 
2,707 necropsies at the Children’s Memorial 
Hospital in Chicago. Since heart catheterization 
has become an accepted procedure, the diag- 
nosis of primary pulmonary hypertension is 
being made more frequently than such statistics 
would imply. Wood,?* in England, studying a 
group of 233 unselected cases of suspected con- 
genital heart disease, 152 of whom were cathe- 
terized, found six cases which he classified as 
“idiopathic pulmonary hypertension.” Chap- 
man” in a similar study so diagnosed two of 
seventy-two patients in whom right heart 
catheterization was performed. In our experi- 
ence four cases were encountered over a two- 
year period at a 500-bed general hospital. Heart 
catheterization was performed in three of these 
four patients and the details of these studies will 
be presented. The clinical course and pathologic 
findings of the other patient were characteristic 
of the disease under discussion. 


CLINICAL PICTURE 


Primary pulmonary hypertension has been 
described in a patient as young as twenty 
months”! and in one as old as seventy-four 
years,!! the majority of the cases falling in the 
age group between twenty and forty years. 
Sixty per cent of the cases reviewed, in which 
the sex was stated, were females. 

Brenner! in reviewing this subject stated that 
the disease appeared to run a course of from five 
months to five years, with an average course of 
two years. MacCallum!! reported a patient who 
died fifteen years after onset of symptoms. The 
disease usually runs a progressive downhill course 
characterized by right heart failure, not infre- 
quently terminating in sudden death.7:1315.18.19 
The heart failure apparently is not favorably 
influenced by digitalis. 

The salient clinical features in a series of 
thirty-nine reported cases?~?* were, in order of 
frequency, exertional dyspnea and weakness, 
substernal and left chest pain with exertion re- 
sembling angina, syncope on exertion, palpita- 
tions, orthopnea and hemoptysis. On physical 
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examination these patients were described as 
showing variable degrees of cyanosis without 
clubbing of the fingers. Orthopnea was rarely 
noted. The lungs were generally described 
as clear, except terminally when basal rales 
have been reported. Percussion of the heart 
revealed increased substernal dullness and 
widening of the conus area. The rhythm was 
regular in all but one case’® in which transient 
auricular fibrillation was noted terminally. 
Systolic murmurs have usually been noted at 
the apex or pulmonic area. Diastolic murmurs 
at the pulmonic area have also been mentioned. 
The second pulmonic sound was greatly ac- 
centuated in all cases. Protracted neck-vein 
distention, elevated venous pressure and hepa- 
tomegaly were frequently observed, unassociated 
with peripheral edema which was usually a late 
finding. 


Except for cyanosis, orthopnea and hemopty- - 


sis, the findings in our cases conform to those 
described in the literature. An impressive feature 
in two of our cases was the contrast between the 
appearance of good health when at rest and the 
striking discomfort evoked by even mild exertion. 

Roentgenograms in our patients and in those 
reviewed show certain characteristic features 
which, although not specific, were highly sug- 
gestive of this disease. There was evidence of 
right ventricular enlargement. The conus and 
the pulmonary arterial trunk including its 
major branches were prominent, whereas the 
intrapulmonary vascular markings were normal 
or decreased. There was no evidence of left 
atrial enlargement. Electrocardiograms were 
consistent with right ventricular hypertrophy. 

Routine examinations of the blood and urine 
were generally helpful only in that they were 
within normal limits. Although a slight degree 
of polycythemia®'!* has been noted, it was not 
present in our cases. 


CASE REPORTS 


CasE1. G.N., a twenty-five year old married 
Czechoslovakian female, was admitted to the 
Maimonides Hospital on January 10, 1950, be- 
cause of exertional weakness, dyspnea and effort 
syncope of six years’ duration. Substernal and 
epigastric pain was provoked by mild exertion 
which, if continued, would result in syncope 
lasting two to five minutes. There was no as- 
sociated incontinence or tongue biting. There 
was no history of dependent edema, orthopnea, 
cyanosis, pulmonary disease, systemic hyper- 
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Fic. 1. Case 1, G. N. (February 16, 1950.) The pat- 
tern of right ventricular hypertrophy is shown by 
the delayed intrinsicoid deflection in Vi and the tall 
R waves, depressed S-T segments and inverted T 
waves in Vi_4. 
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obese, robust young female who appeared some- 
what younger than her stated age. The systemic 
blood pressure was 120/70, pulse 99, tempera- 
ture 99°r. She seemed comfortable at rest and 
there was no cyanosis, clubbing or dependent 
edema. Funduscopic examination was normal. 
The neck veins were not distended and the 
thyroid was not enlarged. The lungs were clear 
to percussion and auscultation. The heart was 
not enlarged to percussion and the heart action 
was regular. A diastolic shock could be felt over 
the pulmonic area. The second pulmonic sound 
was split and greatly accentuated. No murmurs 
were heard. The liver and spleen were not 
palpably enlarged. There were good arterial 
pulsations in the lower extremities. 

Laboratory studies: urinalysis, negative; hemo- 
globin, 13 gm. per cent; red blood cell count, 
4.55 million; white blood cell count, 8,000 with 
a normal differential. Erythrocyte sedimentation 
rate (Wintrobe) was 14 mm. in one hour. The 
Mazzini test was negative. Fasting blood sugar 
was 60 mg. per cent; blood urea nitrogen, 
20 mg. per cent. Total proteins were 8.2 gm. 
per cent, albumin, 4.7 gm. per cent and globu- 
lin, 3.5 gm. per cent. The blood cholesterol was 
212 mg. per cent with 24 per cent free; blood 
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Fic. 2. Case 1, G. N. a, showing a prominent pulmonary artery segment and enlarged hilar vascular shadows with 
clear lung fields; 8, the barium-filled esophagus in the right anterior oblique view shows no posterior displacement; 
c, diffuse dilatation of the pulmonary artery is noted in the lateral view. 


tension or thromboembolic phenomena. She 
had been treated at various clinics, European 
and American, for these complaints without 
improvement. There was no past history of 
rheumatic fever, chorea, scarlet fever or nephri- 
tis. The family history was non-contributory, 
except for a twin sister who died in infancy of 
a “‘cold.” 

Physical examination revealed a short, slightly 


calcium, 7.0 mg. per cent; phosphorus, 3.6 mg. 
per cent. The cephalin flocculation test was 
negative. Venous pressure on two separate oc- 
casions was 100 and 110 mm. of saline and the 
decholin circulation time was nineteen seconds. 
The electrocardiogram (Fig. 1) was consistent 
with right ventricular and right atrial hyper- 
trophy. Chest x-rays are shown in Figure 2a 
to 2c. 
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The patient’s course in the hospital was un- 
eventful. Exercise tolerance was self-limited to 
three to four successive stair steps. The diagnosis 
of primary pulmonary hypertension was sug- 
gested. Because of the x-ray findings and limited 
exercise tolerance, heart catheterization was 
performed. 

Case u. M.R., a 35 year old Puerto Rican 
housewife, was admitted for the first time to the 
Maimonides Hospital on April 17, 1950, because 
of pharyngitis. She was apparently well until 
the delivery of her fifth child four years prior to 
this admission. As far as could be determined 
the first record of her ante-partum status was 
made during the seventh month of this preg- 
nancy. Blood pressure was 120/88 and no heart 
murmurs were described. Urinalysis was nega- 
tive. The patient complained of some exertional 
dyspnea at this time. Two months later prior to 
the onset of labor blood pressure was 138/98 and 
a ‘‘to and fro” murmur was heard at the apex. 
Following the spontaneous delivery of a normal 
male infant and before the expulsion of the 
placenta she had a generalized convulsive seizure 
which lasted one and one-half minutes. The 
sensorium was clouded for the ensuing fifteen 
minutes. Blood pressure immediately following 
the convulsion was 90/70 and the pulse was 
160 beats per minute. There was no chest pain 
or hemoptysis. Recovery was rapid and unevent- 
ful. About two weeks after delivery the patient 
noted swelling of the face, abdomen and legs 
without respiratory difficulties. She was ad- 
mitted to another hospital five months later for 
these complaints. She was digitalized and given 
weekly mercurial diuretics. Two and one-half 
years later progressive exertional dyspnea and 
orthopnea appeared. Fleeting chest pain on 
exertion was noted. She had no syncope, chronic 
cough, hemoptysis or thromboembolic phe- 
nomena. There was no past history of rheumatic 
fever, chorea, scarlet fever, nephritis or toxemia 
of pregnancy. 

Physical examination disclosed a well de- 
veloped and well nourished female in no distress. 
The systemic blood pressure was 165/85, pulse 
80, temperature 99°r. There was evidence of 
mild pharyngitis. The retinal vessels showed 
minimal sclerotic changes. ‘The neck veins were 
distended and pulsating. The lungs were clear 
to percussion and auscultation. The point of 
maximal impact of the heart was in the sixth 
intercostal space, 2 cm. outside the mid-clavic- 
ular line. There was a pre-systolic apical thrill 
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and a grade m1, harsh, apical diastolic blow which 
was widely transmitted and well heard at the 
lower sternum. A grade 111, apical systolic mur- 
mur was’ widely transmitted and heard equally 
well over the lower sternum. The pulmonic 
second sound was accentuated and was louder 
than the aortic second sound. A slightly tender 
liver edge was felt 6 cm. below the costal margin. 
There was no cyanosis, clubbing or edema. The 
heart action was regular. 

Laboratory studies revealed: urinalysis, nega- 
tive except for an occasional trace of albumin; 
hemoglobin, 14.5 gm. per cent; red blood cell 
count, 4.69 million; white blood cell count, 
16,000 with a shift to the left initially, returning 
to normal. The erythrocyte sedimentation rate 
(Wintrobe) was 4 mm. per hour. Blood chemis- 
tries showed: fasting !lood sugar, 65 mg. per 
cent; blood urea nitrogen, 13 mg. per cent; 
total proteins, 6.9 gm. per cent, albumin, 3.6 gm. 
per cent, globulin, 3.3 gm. per cent; total 
cholesterol, 161 mg. per cent with 25 per cent 
free; blood calcium, 9.8 mg. per cent; cephalin 
flocculation test, negative; thymol turbidity, 
2.8 units; blood sodium, 142.8 mEq./L.; chlo- 
rides, 105.5 mEq./L. and potassium, 5.1 mEq./ 
L. The blood Mazzini test was negative. The 
venous pressure was 145 mm. of saline with a 
positive hepatojugular reflux. The decholin 
circulation time was thirty-one seconds and the 
ether circulation time was eleven seconds. The 
electrocardiogram (Fig. 3) was consistent with 
right ventricular hypertrophy. Chest x-rays are 
shown in Figures 4A to 4c. 

The pharyngitis responded promptly to peni- 
cillin. The patient improved on bed rest, salt 
poor diet, digitoxin and mercurial diuretics. 
Nine days after admission the venous pressure 
was 110 mm. of saline. The diastolic murmur 
heard initially became inaudible during the 
third week of hospitalization. Because of the 
unusual x-ray findings, changing murmurs and 
lack of left atrial enlargement she was referred 
to the cardiopulmonary laboratory for heart 
catheterization. As a result of these studies and 
the clinical findings this patient was thought to 
have rheumatic heart disease with mitral stenosis 
and insufficiency and a pulmonary endarteritis. 
She was then discharged on a cardiac regimen. 

The patient was readmitted to the Maimonides 
Hospital three months later because of increas- 
ing heart failure responding poorly to digitoxin 
and mercurial diuretics. Dyspnea became more 
marked during the two days prior to admission. 
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Fic. 3. Case nu, M. R. (May 12, 1950.) There is a Q 
wave and delay of the intrinsicoid deflection in V; and 
an R wave in aVr. 


4a 


There was no cough, chest pain or hemoptysis. 
On physical examination the patient appeared 
in no acute distress. Blood pressure was 130/95 
and the temperature 99.2°r. The neck veins 
were distended and pulsating with a positive 


hepatojugular reflux. The lungs were clear to 
percussion and auscultation. The heart action 
was irregular with a pulse deficit, the radial rate 
being 56 beats per minute. No diastolic murmurs 
were heard. The liver edge was felt four finger 
breadths below the costal margin. There was 
three plus ankle edema extending to the mid- 
calf. The nail beds were dusky. 

Laboratory studies were essentially unchanged. 
The white blood cell count was 12,200. The 
electrocardiogram showed ventricular prema- 
ture contractions in addition to the signs of right 
ventricular hypertrophy. 

The patient was placed on bed rest, a salt-free 
diet, mercurial diuretics and digitoxin. Digitoxin 
was discontinued after the second dose because 
of the onset of bigeminal rhythm and vomiting. 
The venous pressure was 242 mm. of saline with 
a positive hepatojugular reflux. The decholin 
circulation time was thirty-seven seconds. Fol- 
lowing estimation of the ether circulation time 
the patient developed nausea. The following day 
the patient’s condition deteriorated with the 
onset of retching, feeble pulse and a sinus tachy- 
cardia of 120 beats per minute. There was no 
dyspnea or orthopnea. Five hours later she was 
pulseless, cool, cyanotic and the blood pressure 


4B 4c 
Fic. 4. Case u, M. R. a, showing enlargement of the heart to the left and inferiorly with rounding of the cardiac 
apex above the diaphragm and increased convexity of the pulmonary artery segment. The hilar vessels are en- 
larged whereas the intrapulmonary vascular markings are diminished; B, enlargement of the right ventricle but 
there is no displacement of the barium-filled esophagus in the right anterior oblique view; c, the left ventricle over- 
laps the spine in the left anterior oblique view. The left ventricle was normal at necropsy. 


was unobtainable. A portable chest film showed 
the lung fields to be clear. She was placed in an 
oxygen tent and given an infusion containing 
neosynephrine without demonstrable effect. 
The cyanosis was relieved by oxygen adminis- 
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Fic. 5. Case u, M. R. The right atrium is dilated. Marked dilatation and hypertrophy of the right 
ventricle with scattered patches of endocardial thickening is seen. 
Fic. 6. Case 1, M. R. The left atrium, left ventricle and mitral valve are normal. 


tered either by tent or mask. She failed to 
respond to therapy and died sixteen hours after 
the onset of cardiovascular collapse. 

Autopsy* was performed sixteen hours after 
death through a limited abdominal incision. 
The pericardial cavity and its lining were nor- 
mal. The heart weighed 330 gm. The right 
atrium and ventricle were dilated. The right 
atrium was thin whereas the right ventricle was 
markedly hypertrophied (Fig. 5) and measured 
0.9 cm. in thickness. The left atrium and ventri- 
cle (Fig. 6) were normal. The left ventricle 
measured 1.4 cm. in thickness. The interventric- 
ular septum was hypertrophied and bulged 
somewhat into the left ventricle. The valvular 
circumferences were as follows: tricuspid, 11.5 
cm.; pulmonic, 7.0 cm.; mitral, 8.0 cm. and: 
aortic, 6.0 cm. There were no abnormalities of 
the valve leaflets or cusps. The coronary arteries 
including their ostia were normal. The pulmo- 
nary artery and its major branches were dilated 
and showed widespread atheromatous plaque 
formation. The aorta was normal. No con- 
genital malformations were found. 

A small amount of fluid was present in each 
pleural space. The pleural surfaces were smooth 
and glistening. The lungs appeared normal ex- 
cept for some atelectasis of the left lower lobe. 
The right lung weighed 310 gm. and the left 
lung weighed 335 gm. No thrombi or emboli 
were noted in the pulmonary vessels. 

The liver weighed 1,240 gm. and aside from 

* We are indebted to Dr. A. Kantrowitz, Director of 
the Pathological Laboratories, Maimonides Hospital of 


Brooklyn, for his kind assistance in the preparation of 
the autopsy report. 
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Fic. 7. Case u, M. R. Marked intimal sclerosis of a 
small intrapulmonary artery is noted; X 300. 


a characteristic “‘nutmeg’’ appearance pre- 
sented no other abnormalities. No other essential 
organ changes were noted. 

Histologically, sections of the heart showed 
hypertrophy of the muscle fibers of the right 
ventricle. There was na evidence of myocardial 
fibrosis or valvular disease. 

Multiple sections from various portions of the 
lungs were examined. Widespread sclerotic 
changes were noted in the pulmonary arterial 
tree, varying in degree even in vessels of similar 
caliber. Plaque formation with intimal thicken- 
ing as well as increase in the width of the media 
were noted in the largest vessels. Subintimal 
thickening and proliferation were the prominent 
changes in the vessels of microscopic size. (Fig. 
7.) In many such vessels the lumen was ex- 
tremely narrow, at times slit-like. In addition 
to the above changes there were thrombotic 
lesions in various stages of organization. They 
ranged from recent thrombi (Fig. 8a) to re- 
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Fic. 8. Case 1, M. R. a, a thrombus of recent origin in a pulmonary vessel of microscopic size is seen; X 150. 


B, a recanalized thrombus in a pulmonary vessel of microscopic size is seen; X 250. 


canalized thrombi (Fig. 88) in the precapillary 
and post-capillary vessels of microscopic size. 
These latter changes were much less numerous 
than the sclerotic changes previously described. 
All sections revealed normal vessels although 
those affected seemed to be present in pre- 
ponderant number. 

The bronchi and peribronchial tissues showed 
no evidence of chronic inflammatory changes. 
The alveoli revealed no morphologic changes 
and no “heart failure” cells were seen. The 
alveolar septal interstitial tissue was not thick- 
ened. Sections from the basilar portion of the 
right lower lobe revealed a slight amount of 
intra-alveolar edema fluid. Slight atelectasis was 
noted in sections from the left lower lobe. 

Sections of the liver and spleen revealed only 
marked chronic congestive changes. The re- 
mainder of the microscopic examination was 
normal. 

The anatomic diagnoses were: (1) Severe 
pulmonary arteriosclerosis and arteriolarsclero- 
sis; (2) hypertrophy and dilatation of the right 
ventricle; (3) old and recent thromboses of the 
pulmonary arterioles and venules; (4) chronic 
passive congestion of the liver and spleen; (5) 
moderate edema of lower lobe of right lung and 
(6), atelectasis of lower lobe of left lung. 

In summary, the autopsy revealed right 
ventricular hypertrophy and widespread pulmo- 
nary vascular sclerosis unassociated with intrinsic 
lung disease. A preponderance of sclerotic 
changes over thrombotic lesions in the small 
pulmonary vessels was evident. 

CasE 1. M. K., a thirty-four year old white 
housewife, was admitted to the Maimonides 


Hospital on July 17, 1950, because of weakness, 
exertional dyspnea and numerous syncopal epi- 
sodes of two years’ duration. Syncope occurred 
only during exertion and was frequently pre- 
ceded by great weakness. It was never accom- 
panied by convulsions or tongue biting. Hyper- 
ventilation was denied. There was no history of 
orthopnea or cyanosis. A complete medical 
study including chest x-ray, electrocardiogram, 
electroencephalogram and blood studies at 
another institution was reported as normal. The 
patient was then advised to seek psychiatric aid. 
Intermittent ankle edema, epigastric pressure 
on exertion, transient nausea, vomiting and 
diarrhea appeared two months before admission. 
One day prior to admission she lost consciousness 
and incurred a contusion of the right eye. Her 
past history was non-contributory. The patient 
has two normal children, ages three and eight 
years, respectively. Pregnancies were uneventful. 

Physical examination disclosed a well de- 
veloped young woman in no distress. The system- 
ic blood pressure was 120/95, pulse 80, tem- 
perature 98°r. There was an ecchymosis over 
the right eye. Dyspnea, orthopnea, cyanosis, 
clubbing and edema were absent. The neck 
veins were moderately distended. The lungs 
were clear to percussion and auscultation. The 
point of maximal impact of the heart was in the 
fifth intercostal space at the mid-clavicular line 
and a pulsatory, heaving impulse was noted in 
the third intercostal space at the left of the 
sternum. Retrocardiac dullness was increased. 
The heart action was .-svlar and ‘lie heart 
sounds were of good quality. The pulmonic 
second sound was greatly accentuated and was 
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louder than the aortic second sound. No mur- 
murs were heard. A firm, non-tender liver edge 
was palpable at the level of the umbilicus. 

Laboratory studies showed: urinalysis, nega- 
tive; hemoglobin, 14.5 gm. per cent; red cell 
count, 5.1 million; white cell count, 10,100 with 
a normal differential. Blood chemistries re- 
vealed: fasting blood sugar, 75 mg. per cent; 
blood urea nitrogen, 13 mg. per cent; serum 
albumin, 4.0 gm. per cent; serum globulin, 
2.3 gm.per cent; alkaline phosphatase, 5.8 King- 
Armstrong units; thymol turbidity, 0.2 units; 
icteric index, 7.9. The blood Mazzini test was 
negative. The venous pressure was 200 mm. of 
saline with a positive hepatojugular reflux. The 
ether circulation time was four seconds and the 
decholin circulation time was twenty-five sec- 
onds. The electrocardiogram (Fig. 9) revealed a 
pattern consistent with right atrial and right 
ventricular hypertrophy. Chest x-rays are shown 
in Figures 10a to 10c. 

In view of the presenting symptoms and 
physical findings the diagnosis of primary 
pulmonary hypertension was made. The patient 
was then referred to the cardiopulmonary 
laboratory for confirmation of this diagnosis and 
for hemodynamic studies. During cardiac cathe- 
terization the patient was digitalized with 
lanatoside C. Subsequently she was placed on a 
maintenance dose of digitoxin and discharged 
on August 1, 1950. Despite a strict cardiac 
regimen there was no obvious improvement in 
her clinical status. She was readmitted two 


aVr 


Fic. 9. Case m, M. K. (July 25, 1950.) There are 
peaked P waves in leads 1 and m. The R wave in aVr 
is broad and the R wave in V; is high. The T waves 
are inverted in Vi_3. This pattern is consistent with 
right atrial and right ventricular hypertrophy. 


months later for re-evaluation and pharmaco- 
dynamic studies. Physical examination was 
essentially as on the previous admission. 


104 


10B 10c 


Fic. 10. Case 11, M. K. a, showing enlargement of the heart to the left with rounding and elevation of the cardiac 
apex above the diaphragm. The pulmonary artery segment and hilar shadows are prominent whereas the intrapul- 
monary vascular markings are normal; B, there is no displacement of the barium-filled esophagus in the right anterior 
oblique view. The outflow tract of the right ventricle is prominent; c, the left ventricle overlaps the spine in the left 


anterior oblique view. 
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Laboratory studies showed: albumin, 4.7 gm. 
per cent; globulin, 3.9 gm. per cent; total cho- 
lesterol, 195 mg. per cent with 20 per cent free; 
serum calcium, 9.8 mg. per cent; serum phos- 
phorus, 4.3. mg. per cent; serum potassium, 
5.8 mEq./L.; serum chlorides, 101 mEq./L.; 
serum sodium, 145.3 mEq./L.; serum carbon 
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maintenance dose of digitoxin and oral prisco- 
line. She is being followed at the cardiopulmo- 
nary laboratory. 


HEMODYNAMIC STUDIES 


The physiologic data presented in Tables 1 
and 11 were obtained at the time of right heart 


TABLE I 
DATA OBTAINED DURING RIGHT HEART CATHETERIZATION 
Arterial Blood iS > Blood Volume 
13) 
>| & < < 
Bile s 281 2816- = 
1|G.N. | F |25) 1-20-50 |1.52) 18.0|18.4/97.8/ 217 |+12| 78 | 5.9 |3.72|2.44!] 48 | 2,710) 1,615} 40 
| M.R. | F 5-12-50 (1.41) 17.7| 18.0] 98.4| 179 | +3) 94 | 8.3 |2.16/1.53| 23 |3,550) 1,882) 47 
m | M. K. | F 10-10-50 |1.71| 18.9| 19.6| 96.4) 189 |—14) 93 | 6.9 |2.72/1.59) 29 |2,615)1,555| 40.5 
* TBV = Total blood volume 
7 PV = Plasma volume 
Predicted values (female): Total blood volume | Plasma volume | Hematocrit 
2,670 1,600 40 
TABLE 
INTRACARDIAC AND PERIPHERAL BLOOD PRESSURES. RESISTANCES IN 
PULMONARY AND PERIPHERAL CIRCULATION 
Systemic Pulmonary 
Peripheral Resistance Pulmonary Resistance Right Right 
Artery (dynes/cm.5/ Artery (dynes/cm.*/| Ventricle | Atrium 
sec.) sec.) 
Cardiac 
Case | Output 2 2 
(L./min.) | 3 3/3 
Q 2 3 n (a) 2 n = 
(mm. Hg) 2 3 (mm. Hg) 2 3 (mm. Hg) | (mm. Hg) 
G. N. 3.72 117* | 79 98 | 1,440 | 2,100 | 121 | 47 | 72 | 221 | 1,550 | 121 8 “J 
M. R. 2.16 135¢ | 91 | 106 | 1,560 | 3,930 | 73] 41 | 53 | 239 | 1,965 75 | 18 12 
M. K. 2.72 113* | 80 92 | 1,280 | 2,710 | 90} 46 | 62 | 197 | 1,825 | 84 | 14 13 
* Brachial artery. 


Femoral artery. 
t See formulas on page 695. 


dioxide, 31.5 mEq./L. The bromsulfalein test 
revealed 15 per cent retention after forty-five 
minutes. The congo red test was negative. 
Following heart catheterization the patient 
was discharged on October 23, 1950, on a 


catheterization. The patients were studied in a 
resting state after fasting for at least twelve 
hours. They received oral phenobarbital 0.06 
gm. and nembutal 0.1 gm. the evening before 
the procedure and phenobarbital 0.06 gm. two 
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to three hours before any observations were 
made. Two of the patients, M. K. and M. R., 
were fully digitalized at the time of the reported 
studies. M. K. had been digitalized for three 
months and M. R. for over three years because 
of earlier clinical findings consistent with con- 
gestive heart failure. 

The blood oxygen content and capacity were 
determined by the method of Van Slyke and 
Neill.?® The blood volumes were determined by 
the direct T-1824 (Evans blue) dye method, as 
modified by Noble and Gregersen.*® The cardiac 
outputs and the cardiac indices were determined 
by the direct Fick principle.*! Peripheral and 
intracardiac pressures were recorded using 
Sanborn electromanometers and a direct writing 
Sanborn Poly-Viso recorder. The pressures in 
the pulmonary artery and right ventricle were 
not recorded simultaneously. Vascular resist- 
ances in the pulmonary and systemic circuits 
were calculated according to the formulas: 


P.A.m X 1.332 X 60 
C.O. 

B.A.m X 1.332 X 60 
C.O. 


where R. = vascular resistance in 
dynes/cm.°*/sec. 
mean pressure in the pulmonary 
artery in mm. Hg 
B.A.m = mean pressure in the _ brachial 
artery in mm. Hg 
C.O. = cardiac output in L. per minute 


R. (pulmonary) = 


R. (peripheral) = 


P.A.m 


The predicted resistances were obtained using 
normal mean pressures and blood flows, as 
reported by Cournand,* and corrected for body 
surface area. The mean pressures were deter- 
mined by planimetry of the recorded tracings 
using one or more complete respiratory cycles. 
The point of zero reference for measurement 
of intracardiac pressures was 5 cm. below the 
angle of Louis. The expired air was collected 
in a Tissot spirometer and was analyzed in the 
Scholander*® gas analyzer. The basal metabolic 
rates were calculated from the observed gas 
exchange at the time of cardiac output de- 
terminations. Pulmonary function studies were 
performed at a time separate from cardiac 
catheterization using the technics described by 
Baldwin et al.*4 

Arterial Blood Oxygen Saturation. ‘The resting 
arterial blood oxygen saturation was normal in 
all of the patients. Immediately after maximal 
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BRACHIAL ARTERY 
7/79 mmHg. 
meon press. 98 yet 


RIGHT VENTRICLE 


121/47 mmHg 12178 mmHg 
mean press. 72 mmHg 
RIGHT ATRIUM. 
| press. 7mm 
Hg. 


Fic. 11. I, G N., primary 
sion. The brachial and pulmonary artery pressures 
were taken simultancvusly. Continuous tracings during 
withdrawal of the catheter from the pulmonary artery 
to the right ventricle showed no change in systolic 
pressure. 
exercise there was no change in G. N. and a very 
slight decrease in M. K. An exercise sample was 
not obtained in the third patient. 

Blood Volume. The total blood volume and 
hematocrits were normal in G. N. and M. K. 
and increased in M. R. The total blood volume 
in M. R. was increased 33 per cent and the 
hematocrit was 47. 

Blood Flow. ‘The cardiac index was low in 
all of the patients. It was highest but still below 
the average normal in G. N. The arteriovenous 
oxygen difference was increased and the stroke 
volume was decreased in all of the patients. 

Arterial and Right Heart Pressures. The periph- 
eral arterial pressures were normal at the time 
of cardiac catheterization. The pulmonary 
arterial pressures were markedly elevated. In 
G. N. the pulmonary systolic pressure was 
slightly higher than the brachial artery systolic 
pressure during a simultaneous recording. 
(Fig. 11.) The right ventricular end diastolic 
pressures and right atrial pressures were elevated 
above the accepted normal* in all of the patients. 

Systemic and Pulmonary Resistances. Pulmonary 
resistances, calculated from the observed values, 
averaged eight times the predicted values 
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7 whereas the systemic resistances similarly calcu- was normal in M. K. and reduced in G. N. 
“ lated were only twice those predicted. (Table 1 | Oxygen consumption was reduced at rest in 
“ and Fig. 12.) M. K. and the rise during exercise was less than 
* Pulmonary Function Studies. Pulmonary func- expected in both. There was no rise in the 
= tion studies were carried out on two of the three oxygen consumption per liter of ventilation 
: patients. (Table m.) The ventilatory capacity during exercise. 

TABLE III 


PULMONARY FUNCTION AND ARTERIAL OXYGEN SATURATION STUDIES IN TWO PATIENTS WITH PRIMARY 
PULMONARY HYPERTENSION 


Oxygen 

Ventila- Breathing | Consump- Oxygen Arterial 
tion ‘ Respiratory | Intake Oxygen 
‘ Reserve tion (cc. / : 
Maximal | (L./min./ Quotient (cc./L. | Saturation 
Vital (%) min. /M 
: Ciimiite Breathing | M? BSA) BSA) vent.) (%) 
Case Capacit 
(% of 
predicted) d ay 
ng G.N. 62 72 4.0} 9.2}91]77] 74 | 136 | 352 704 774 | 34 | 34 | 96.8} 97.5 
zs M. K. 102 101 2.8| 22.1|95|61)| 78 97 | 399 765 941 | 35 | 18 | 96.2| 93.2f 
E Predicted * 100 100 3.2] 9.0] 93 79 | 126 | 463 | .776 | .678 | 45 | 60 | 96.2} 95.8 


* Baldwin et al.** 
+ Exercise—G. N., 23 steps in 1.5 min. 
M. K., 24 steps in 1.1 min. 
t Maximal exercise, supine, during cardiac catheterization. 


GB PerPHERAL RESISTANCE 


4200- PULMONARY RESISTANCE 
3600- 
33006 
3000— 
g 2700 
2400-4 
2100-4 
2 1800- 
1800- 
900-4 
q 
600- 
300-4 a 
Predicted Observed Predicted Observed Predicted Observed 
Normal Normal Normal 
‘ Predicted Normal Resistance — _Avg Normol Mean Press.immiig) x 1332 x 60 
3 (dynes /cm.5/sec.) Avg Normal Cardiac index(t./mm) x Ovs. B.S.A. 
eg R (peripheral) = SS mmitg x 1332 x 60 
31 L/min. x Observed B.S.A 
(pulmonary) 13_mm_ Hg x 1.332x60 
3 3.1L./min x Observed BSA 
2 Fic. 12. Peripheral and pulmonary resistance in primary pulmonary hyper- 


Am tension. Calculated pulmonary resistances are seven to nine times those pre- 
dicted (see procedure). 
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mean press. mmHg. 


75/46 mm Hg 
mean press. 57mm Hg. 
Fic. 13. Case 11, M. R. Note the pulmonary hyperten- 
sion and the elevated right ventricular end diastolic 
pressure. (The tracings were inked over for photo- 
graphic purposes.) 


COMMENTS 


Pulmonary hypertension of considerable mag- 
nitude was observed in our three patients. 
(Table nu, Figs. 11, 13 and 14.) Secondary 
pulmonary hypertension as defined in the intro- 
duction was ruled out by clinical and laboratory 
studies in G. N. and M. K. and by postmortem 
examination in M. R. 

Although the clinical picture is fairly charac- 
teristic in patients with primary pulmonary 
hypertension, the diagnosis has rarely been 
made during life. Brill and Krygier!® in their 
review of the cases up to 1941 noted that the 
ante-mortem diagnosis was made in only two 
of twenty cases. Mention has been made of the 
current increasing frequency of diagnosis. How- 
ever, in those patients who do not present 
exertional syncope, as emphasized by Dressler, *° 
or angina, or both, the diagnosis may be ob- 
scure. It becomes even more difficult in this 
group when murmurs are heard ordinarily 
associated with mitral stenosis. Such was the case 
in M. R. in whom the diagnosis was not made 
until necropsy despite cardiac catheterization. 

Primary pulmonary hypertension should not 
be confused with so-called Ayerza’s disease, 
which has never been clearly defined but which 
is often thought of in connection with pulmonary 
vascular sclerosis. The patients frequently put 
into Ayerza’s group***8 are deeply cyanotic 
because of the underlying lung disturbance. 
Although many of the cases falling into the 
category of primary pulmonary hypertension or 
primary pulmonary vascular sclerosis have been 
described as cyanotic!*:!®!§ no arterial blood 
oxygen studies were mentioned. Brill and Kry- 
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Fic. 14. Case m, M. K. Pulmonary hypertension and 
elevated right ventricular end diastolic and mean 
right atrial pressures are observed. 


gier!® went so far as to state that the dispropor- 
tion of cyanosis to dyspnea differentiated this 
syndrome from cor pulmonale secondary to 
lung disease. Our patients were not clinically 
cyanotic and arterial blood oxygen studies 
showed normal saturations. Stagnant anoxia 
due to decreased blood flow could explain the 
cyanosis so frequently described, especially 
during the terminal phase of this disease. 
Another possible cause for cyanosis when seen 
in primary pulmonary hypertension could be a 
complicating patent foramen ovale. This could 
have contributed to the cyanosis in the patient 
reported by Brill and Krygier. The mechanism 
of cyanosis in primary pulmonary hypertension 
with patent foramen ovale would be similar to 
that described by Engle and. Taussig*® in 
pulmonic stenosis with patent foramen ovale. 
Unexplained dyspnea and weakness, especially 
if associated with exertional syncope*® or angina 
in an otherwise healthy-looking individual 
with an accentuated pulmonic second sound, 
should suggest primary pulmonary hyperten- 
sion. Syncopal attacks, described in 20 per 
cent!!,13,15,17,18,22,26 of the thirty-nine cases 
reviewed,?-** was an early and presenting com- 
plaint in two of our patients. It is interesting to 
note that the syncopal attacks were precipitated 
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Fro. 15, Case 1, M. K. (July 25, 1950.) Effect of exercise on right emiiiaien 
pressures; (A) before lanatoside C; (B) seventy-five minutes after the intravenous 
administration of 1.6 mg. of lanatoside C. There may be a slight error in the 
pressure tracings during exercise because of possible artifacts introduced during 


vigorous physical exertion. 


by exertion or sudden movements, especially if 
associated with emotional tension. In M. K. the 
syncope was preceded by a feeling of weakness 
while in G. N. the syncope was preceded by 
marked pressure under the lower part of her 
sternum. Syncope is not generally associated 
with secondary pulmonary hypertension, 

The mechanism for syncope in primary 
pulmonary hypertension has not been estab- 
lished. Our patients did not have sensitive 
carotid sinus reflexes. Arterial anoxemia was 
not observed with exercise and therefore can 
be eliminated as a possible cause for exertional 
syncope. M. K., who had numerous syncopal 
episodes, was exercised in the supine position 
during right heart catheterization,* both prior 
to digitalization and seventy-five minutes after 
the intravenous administration of 1.6 mg. of 
lanatoside C. Syncope was not precipitated. 
During exercise at both times the right ventricu- 
lar end diastolic pressure increased considerably 
above the control values as seen in Figures 15a 
and s, while the peripheral pressure remained 
essentially unchanged. What effect changing 
intrapleural pressure during exercise had on the 
right ventricular end diastolic pressure cannot 
be stated since the intrapleural pressure was not 
measured. A grunting type of respiration was 
not observed during exercise. One can but 
speculate whether additional exercise would 
have precipitated a further rise in the right 
ventricular end diastolic pressure and acute 


* Studies obtained during first cardiac catheterization, 
July 25, 1950. 


right heart insufficiency with resultant inade- 
quate filling of the left ventricle. 

Since, as is well known, coronary blood flow 
is greatest during diastole, it is possible that the 
marked rise observed in right ventricular end 
diastolic pressure might impede the coronary 
circulation. This could account for the symptom 
of angina and could precipitate ventricular 
fibrillation or cardiac standstill*! with resultant 
syncope. Although hemodynamic studies were 
not performed, Brill and Krygier!® suggested 
that relative coronary insufficiency accounted 
for the chest pain and was the cause of death 
in those patients with this syndrome who died 
suddenly with but slight evidence of congestive 
heart failure. Diminished coronary flow might 
explain the sequence of events in patient G. N. 
who had a syncopal attack while performing a 
standard step-up exercise test** during pulmo- 
nary function studies. She first experienced 
excruciating substernal pain which made her 
stop exercising. About thirty seconds later she 
became unconscious, apneic, pulseless and 
finally cyanotic. No heart sounds were audible 
for the next two and one-half minutes during 
which time artificial respiration and oxygen were 
given. The heart sounds, when heard again, 
were slow and totally irregular. Soon coupled 
beats were present and, after several minutes, a 
regular sinus rhythm was established. On another 
occasion an exercise tolerance test in G. N., with 
electrocardiographic studies, showed depression 
of S-T segments in leads 1 and m and further 
downward displacement of the S-T segment in 


AMERICAN JOURNAL OF MEDICINE 


: 698 Pri Pul H ion—Dresdale et al es 
9 imary Pulmonary Hypertension—Dresdale et al. es 
‘ 
‘ 
4 
4 
P 
4 


Primary Pulmonary Hypertension—Dresdale et al. 


lead V3. (Fig. 16.) Exercise was stopped with the 
onset of chest pain. 

In addition to our cases G. N. and M. K., 
angina was present in 23 per cent of the cases 
reviewed in the literature. Brenner’s case,!? an 
eleven year old boy, died during an attack of 
chest pain. Killingsworth!® reported the case 
of a ten year old boy who died following an 
episode of severe epigastric pain radiating to the 
arms. In neither these nor the remainder of the 
thirty-nine cases accepted as instances of primary 
pulmonary hypertension was coronary sclerosis 
or pulmonary embolism described at autopsy. 

Angina and syncope have been reported in 
approximately 20 per cent of the cases reviewed. 
These symptoms may occur together or sepa- 
rately. It is of interest that angina and syncope 
do not occur in secondary pulmonary hyperten- 
sion. An increased pulmonary artery pressure 
and right ventricular hypertrophy are common 
denominators in both primary and secondary 
pulmonary hypertension. The apparently unique 
effect of priscoline* (2-benzyl-4,5-imidazoline 
hydrochloride), a sympatholytic and adrenolytic 
agent,*? in reducing the elevated pulmonary 
artery pressure with a concomitant increase of 
blood flow in primary pulmonary hypertension, 
suggests that an overactive autonomic nervous 
system may play a role in this disorder. Whether 
there is any direct association between this 
autonomic imbalance and the distinctive symp- 
toms of angina and syncope is a matter for 
further investigation. Indeed, the mechanism 
for the production of angina and syncope based 
on our limited observations is probably more 
complex than suggested. 

In only 8 per cent of the cases reviewed was 
hemoptysis noted. Evidence of pulmonary in- 
farction was not found at postmortem. Orthop- 
nea, noted in only 10 per cent of the cases, can- 
not be ascribed to pulmonary congestion in 
view of the physical, radiologic and postmortem 
findings. The lungs at necropsy were described 
grossly as well aerated except for occasional basal 
congestion. Microscopic studies in these cases 
revealed normal alveolar membranes and 
capillaries. 

Roentgenograms of the chest should suggest 
the diagnosis. The characteristic x-ray findings 
are (1) right ventricular hypertrophy, (2) a 
bulging pulmonary artery segment, (3) promi- 


* Priscoline was generously supplied by Ciba Pharma- 
ceutical Products, Inc., through Dr. Jock L. Graeme. 
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Fic. 16. Case 1, G. N. Immediately following exercise 
there is depression of the S-T segments in leads 1 and 
1 and further downward displacement of the S-T seg- 
ment in V3. The patient complained of substernal 
pressure at this time. 


nent hilar vessels and (4) normal or decreased 
intrapulmonary vascular markings. There may 
be overlapping of the spine by the cardiac 
silhouette in the left anterior oblique view. This 
finding was present in two of our patients. (Fig. 
4c and 10c.) In M. R. the left ventricle was 
normal in size at necropsy. Pulmonic stenosis** 
and idiopathic dilatation of the pulmonary 
artery** may present similar x-ray features but 
can be differentiated definitively from primary 
pulmonary hypertension by right heart cathe- 
terization. Patients with pulmonic stenosis rarely 
have syncopal episodes”® and may be cyanotic 
when there is an associated patent foramen 
ovale.*® Physical examination in these patients 
always reveals a loud systolic murmur, oc- 
casionally associated with a thrill over the 
pulmonic area, and the pulmonic second sound 
is frequently diminished in intensity rather than 
accentuated. The pulmonic second sound may 
be accentuated in patients with idiopathic dila- 
tation of the pulmonary artery. However, these 
patients are generally asymptomatic and the 
electrocardiogram is usually normal. 

The pulmonary hypertension in the three 
patients herein reported appears to originate 
proximal to the capillary bed. Arterial blood 
oxygen unsaturation is associated with pulmo- 
nary hypertension secondary to extensive capil- 
lary fibrosis. Arterial unsaturation was not 


ae 
apes! : 
= 
; 
at 
: 
: 
he 
¥ 
4 
t 
> 
tis 


700 Primary Pulmonary Hypertension—Dresdale et al. 
CASE NO.33 (MK) 
CONTROL PRISCOLINE 2MIN p istSO mgm. ISMIN. Ist SOmgm. 4MIN. 2nd 50mgm. 19MIN. 2ndSOmgm. 
PRISCOLINE PRISCOLINE PRISCOLINE mnie PRISCOLINE 
PA 98/56 PA 74/33 PA 96/45 PA 43/21 PA 59/3! 
MEAN 70 MEAN 46 MEAN 63 MEAN 3! MEAN 41 
BA BA BA pA BA 
90 96 *wean 90 76 90 


Mean Pressure Tycos Monometer 


Fic. 17. Case 11, M. K. There is a striking fall in the pulmonary artery pressure 
after parenteral priscoline, most marked after the second dose. Second dose of 
priscoline was administered eighteen minutes after the first dose. 


observed in our patients. Necropsy in M. R. 


showed no changes in the pulmonary capillary 


bed. Furthermore, the ability simultaneously to 
lower the blood pressure in the lesser circulation 
(Fig. 17) and increase the blood flow significantly 
with priscoline is further evidence for a precapil- 
lary etiology of the observed hypertension. In 
the absence of clinical and laboratory evidence 
of left heart failure it would seem unlikely that 
the effects of priscoline on the pulmonary circu- 
lation could be ascribed to better emptying of 
the left ventricle. These studies are the subject 
of a separate report.** An attempt to measure 
capillary pressure was made in M. R. according 
to the method of Hellems et al.** Although our 
value was in the high normal range, 13 mm. 
Hg, due to our inability to withdraw blood 
through the catheter at the site of this pressure 
measurement, this result cannot be unequivo- 
cally accepted. 

Intrinsic lung disease is unlikely in view of the 
pulmonary function and arterial blood oxygen 
studies as noted in Table m. The decreased 
ventilatory capacity in G. N. was probably the 
result of weakness and chest pain caused by the 
exertion of the test. However, these studies do 
reveal a significant abnormality in the ratio of 
oxygen consumption to ventilation during 
exercise. There was no increase in this ratio as 
normally expected.** This phenomenon is 
associated with diminished pulmonary blood 
flow as seen in patients with heart failure*’? and 
certain types of congenital heart disease. ‘*-*° 

The results of the hemodynamic studies, 
namely, the high right ventricular end diastolic 
pressures, the increased arteriovenous oxygen 
differences and the low cardiac indices, place 
these patients in the “‘low output failure” cate- 
gory. Although there is some correlation between 


the hemodynamic measurements and the clinical 
status of the patients, it is of interest that none 
of them had dependent edema at the time of the 
studies and one of them, G. N., had no clinical 
signs of right heart failure. 

The presence of normal blood volumes in 
M. K. and G. N., patients with hemodynamic 
evidence of right heart failure, is unusual since 
increased blood volumes ordinarily are associ- 
ated with right heart failure.®'—*’ M. K. had an 
enlarged, firm liver when the hemodynamic 
observations were made but there was no de- 
pendent edema. G. N. had no edema or enlarge- 
ment of the liver. 

Digitalis did not appear to influence the 
course of the heart failure in most of the cases 
reported in the literature that we considered to 
be instances of primary pulmonary hypertension. 
The hemodynamic effects of acute and chronic 
digitalization in M. K. and G. N. confirm this 
clinical impression. A detailed report of these 
studies will be made.** 

The increase in systemic resistance (Fig. 12) 
in our patients is probably a compensatory 
mechanism to maintain effective systemic blood 
pressure in the presence of a decreased cardiac 
output.°> However, the magnitude of increase 
in the pulmonary resistance in these patients is 
much greater than can be explained by the 
diminished cardiac output. It is postulated that 
the pulmonary capillary pressure is not elevated 
in patients with primary pulmonary hyperten- 
sion. The necropsy findings of a normal sized 
left atrium in our case-and in those reported 
support this idea. Therefore, it is believed that 
the failure to correct for pulmonary capillary 
pressure in calculating these resistances would 
not significantly alter the results. 

Anoxia, known to increase the pulmonary 
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resistance in man in acute studies,®* is not a 
factor here as demonstrated by blood oxygen 
studies. Cournand* in his latest review of the 
dynamics of the lesser circulation stated that 
there was little conclusive evidence for vaso- 
motor control of the pulmonary circulation in 
normal man. That the autonomic nervous sys- 
tem may be a factor in primary pulmonary 
hypertension is suggested by the lowering of 
pulmonary bed resistance in the two patients 
with this disease who were given priscoline in 
an acute study.*® In one patient the fall in 
resistance was much greater in the pulmonic 
than in the systemic circulation, whereas 
tetraethylammonium chloride, an autonomic 
blocking agent, had a greater effect on the 
systemic resistance in this patient.*® (Fig. 18.) 
Friske et al.5” demonstrated a relatively greater 
fall in the pulmonary resistance using tetra- 
ethylammonium chloride in patients with essen- 
tial hypertension and normal pulmonary pres- 
sures. In reviewing the study of Fowler et al.** 
it is noted that tetraethylammonium chloride 
had a similar effect in some patients with 
secondary pulmonary hypertension. That other 
factors may be responsible for increasing the 
pulmonary artery resistance in man is further 
suggested by a preliminary observation showing 
a lack of effect of priscoline on anoxia-induced 
pulmonary hypertension in man.*® 

Without attempting to draw any conclusions, 
one is tempted to note, as has previously been 
pointed out,!*?° certain similarities between 
essential systemic hypertension and primary 
pulmonary hypertension. In both conditions the 
etiology is unknown. The elevated blood pres- 
sure in essential systemic hypertension is con- 
sidered to indicate a state of increased tonus of 
the pre-capillary arterioles while in primary 
pulmonary hypertension there would seem to be 
a state of increased tonus of the small pulmonary 
arteries. Usually there is ventricular hypertrophy 
of the particular circuit involved. The respective 
vascular beds, pulmonary or peripheral, show 
similar histologic patterns ranging from normal 
vessels to obliterative arteriolarsclerosis. In 
either disease hypertension may exist without 
significant arteriolar changes.??:*!:® Pharma- 
codynamic studies**:® in both diseases suggest 
that the autonomic nervous system may be a 
factor in increasing the peripheral vascular 
resistance. 

Of a group of autopsied cases reviewed by 
Greene et al. and cited as idiopathic dilatation 
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of the pulmonary artery,** but in which heart 
catheterization was not done, four showed right 
ventricular hypertrophy without pulmonary 
vascular sclerosis. ‘Two of the latter died in con- 
gestive heart failure. It may be that these cases 
as well as those reported by De Navasquez et 
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Fic. 18. Case m1, M. K. The predominant effect of 
TEAC was on the peripheral resistance whereas 
priscoline exerted a maximal effect on the pulmonary 
resistance. 


al.!7 were instances of primary pulmonary 
hypertension. 

Thrombosis of the smallest vessels of the 
pulmonary circuit has been described in the 
entity under discussion and was found in the 
autopsied cases in this series. Rich® described 
similar lesions in 90 per cent of cases of tetralogy 
of Fallot that he studied. He believed that the 
predisposing factors for the development of 
thrombosis were polycythemia and _ sluggish 
pulmonary blood flow. The data which we have 
presented show that patients with primary 
pulmonary hypertension have a _ decreased 
pulmonary blood flow without polycythemia. 
There may be other predisposing factors in the 
pulmonary vascular bed in this disease to ac- 
count for this unusual finding not described in 
other conditions with diminished pulmonary 
blood flow. In view of the preponderance of the 
sclerotic changes over the number of thrombotic 
lesions in the autopsied case reported it seems un- 
likely that sclerosis was the result of thrombosis. 

Since it is generally accepted that the hallmark 
of prolonged hypertension of the greater circula- 
tion, essential or secondary, is found in the 
arteriolar bed, many of the observed changes in 
the pulmonary vasculature in primary pulmo- 
nary hypertension are similarly interpreted. 
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Undoubtedly, these sclerotic vessels add a sig- 
nificant increment to an already excessive 
vascular resistance further burdening the right 
heart but the deduction that these changes 
initiate the hypertension seems unwarranted. 
The findings of a normal pulmonary arteriolar 
bed in several cases of isolated right ventricular 
hypertrophy, ®!?-14.16.17,20.22) assumed by us to 
be instances of primary pulmonary hypertension, 
one proven to have marked pulmonary hyper- 
tension by right heart catheterization”? and the 
effect of certain drugs in lowering the pulmonary 
resistance, suggest that the sclerotic changes, 
when seen, are of a secondary nature. Conceiv- 
ably, involvement of the pulmonary vasculature 
by pulmonary emboli, parasitic infestations, 
lymphangitic carcinomatosis or pulmonary ar- 
teritis, if sufficiently severe and diffuse, might 
produce an identical clinical picture. 

The material herewith presented indicates 
that primary pulmonary hypertension is a 
formidable disease with a grave prognosis. 
Heart catheterization not only enables the 
clinical investigator to make this diagnosis 
during life but also permits him to evaluate 
quantitatively the effects of various therapeutic 
measures and to obtain some additional infor- 
mation about the dynamics of the pulmonary 
circulation. The clinician is often faced with the 
problem of treating the effects of a disease while 
the etiology is still obscure. A logical approach 
to therapy in primary pulmonary hypertension 
would be to relieve the markedly increased re- 
sistance in the pulmonary circulation. Priscoline 
administered parenterally in acute studies has 
proven effective in this regard.** In addition, 
clinica! improvement as manifested by increased 
exercise tolerance has also been noted after 
parenteral priscoline. However, studies thus far 
would indicate that the beneficial effects in 
primary pulmonary hypertension of paren- 
terally administered priscoline are of short 
duration, i.e., twenty to thirty minutes; the re- 
sponse to chronic oral priscoline is inconclusive. 
A similar approach might be indicated in certain 
cases of pulmonary embolism with occlusion of 
but a relatively small segment of the pulmonary 
arterial tree. In view of the known reserve of the 
pulmonary circulation the pathologic findings 
in such cases seem inadequate to explain the 
fatal outcome. It is possible that reflex sympa- 
thetic overactivity might add a significant in- 
crement to the pulmonary resistance, sufficient 
to cause acute cor pulmonale and death. Prisco- 


line or similarly acting drugs would then seem 
indicated in this situation. However, the con- 
clusions drawn by various investigators in 
evaluating the role of vasomotor activity in 
induced pulmonary embolization in animals are 
contradictory.**~®’ Studies of a similar nature 
are in progress in this laboratory. 

Since primary pulmonary hypertension pre- 
sents certain unique features pointing toward iso- 
lated sympathetic overactivity, surgical thoracic 
sympathectomy must be considered. This, of 
course, is a subject for further investigation. 


SUMMARY 


The concept of primary pulmonary hyper- 
tension is defined and the clinical and hemo- 
dynamic features in three patients with this 
disease are presented. Such cases present a 
clinical syndrome that has been previously 
described under various names, e.g., “primary 
pulmonary vascular sclerosis,” “right ventricu- 
lar hypertrophy of obscure origin” and “‘idio- 
pathic pulmonary hypertension.” 

The salient clinical features in this syndrome 
are exertional weakness and dyspnea in patients 
who subsequently develop right heart failure 
without antecedent cardiac or pulmonary 
disease. Effort syncope and angina are most 
significant when present. Sudden death is not 
infrequent. The pertinent physical findings are 
a normal systemic blood pressure, clear lungs, 
an accentuated pulmonic second sound and 
the variability or absence of heart murmurs. 
Venous distention and hepatomegaly occur un- 
associated with peripheral edema or ascites 
except late in the course of the disease. Cyanosis, 
when encountered, is a terminal feature unless 
the disease is complicated by a patent foramen 
ovale. This syndrome has been seen in both 
sexes at all ages but is most common between 
the ages of twenty and forty years. 

The electrocardiographic tracings are con- 
sistent with right ventricular hypertrophy. The 
characteristic x-ray findings are (1) right ventric- 
ular enlargement, (2) a bulging pulmonary 
artery segment, (3) prominent hilar vessels and 
(4) normal or diminished intrapulmonary 
vascular markings. 

Marked right ventricular hypertrophy is a 
constant pathologic finding in primary pulmo- 
nary hypertension but the nature, severity and 
distribution of the pulmonary vascular changes 
proximal to the capillary bed show considerable 
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variation. In some cases no significant pulmo- 
nary vascular changes are noted. 

Pulmonary function studies were performed 
in two of the patients and ruled out intrinsic 
lung disease. Hemodynamic studies, utilizing 
the technic of right heart catheterization, were 
performed in the three patients presented in this 
series. All had greatly elevated pulmonary artery 
pressures, elevated right ventricular end dias- 
tolic pressures, diminished cardiac outputs, 
increased arteriovenous oxygen differences and 
normal arterial blood oxygen saturations. The 
blood volumes and hematocrits were normal in 
two of the patients and slightly elevated in the 
third. One patient had no clinical evidence of 
right heart failure and none had edema. 

An attempt was made to correlate the hemo- 
dynamics at rest and during exercise with some 
of the clinical findings. A seven- to ninefold 
increase in pulmonary resistance was calculated 
at rest. Physiologic studies and postmortem 
findings were presented to support the view that 
the locus of the increased resistance is in the 
small pulmonary arteries. 

Isolated overactivity of the sympathetic 
nervous system was suggested by the pronounced 
effect of priscoline, an adrenolytic and sympa- 
tholytic agent, in lowering the pulmonary artery 
_blood pressure. On the basis of the material 

presented the problem of sympathectomy in 
primary pulmonary hypertension was raised. 
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Pulmonary Function Studies 


Polycythemia Vera’ 


Results in Five Probable Cases 


WALTER NEWMAN, M.D., JAMES A. FELTMAN, M.D. and BLANCHE DEVLIN 
New York, New York 


HERE have been numerous studies of 
pulmonary function in polycythemia 
vera. The results have been variable and 
inconsistent and many of the older technics 


TABLE 
RESUME OF RESULTS REPORTED IN THE LITERATURE 


Vital Capacity 
Isoocs ! Decreased, | case; average vital capacity 2115; 
predicted value 4700; average % predicted 
value 45 % 
Brooks 2 Decreased, 1* case; vital capacity 1.88 L be- 
fore treatment; after t: 2.36L. 
(phenylhydrazine) 
Altschule 3 3 cases, normal in 2; slightly decreased in 1; 
no change in 2 cases treated with phlebotomy 
Stewart 4 & cases, reduced In 3; one case treated; vi- 
tol capacity 3.3L. before treatisent to 
3.9 L. offer treatment 
Residual Air 
Harrop 5 Increased, 7 cases 
Brooks 4 Increased, 1* cose; residual air 1.19 L. be- 
fore ; after treatment 0.99 L. 
Total 
Harrop 5 Normal, 7 cases 
Brooks 2 Decreased, 1* case; 3.07 L. before treat- 
ment; 3.35 L. after treatment 
Ratio of Residual Air to Total Capacity 
Harrop > Increased, 7 cases 
Brooks 2 Increased, 1* case; before treatment 
38.7 %; after treatment 29.5% 
Arterial O2 Saturation at Rest 
Harrop > Decreased 
Wasserman © 17 cases with arterial O» saturation determi- 


nations; 8 below range 94% to 92% and one 
cose showed 88.2% saturation . 


Be onn 7 
von ’ 
Brooks, “ Hitzen- Normal 


Arterial Oz Saturation After E 
3 cases: 91%-989%; 93%-}B7%; 95%——90% 


Harrop 5 


*Second cose reported was secondary polycythemia. 


which were used are open to criticism at the 
present time. Therefore, the results of previous 
investigators measuring cardiac output and 
arteriovenous oxygen differences will not be 
listed. Of particular interest are reported 
results of vital capacity, residual air, total 
capacity, ratio of residual air to total capacity, 
and arterial oxygen saturation at rest and exer- 
cise. (Table 1.) 

Examination of this table would indicate that 
in general the vital capacity is reduced, residual 
air increased, total capacity normal or de- 
creased and ratio of residual air to total capacity 
is increased. The arterial oxygen saturation is 
normal or slightly reduced at rest and decreased 
with exercise. In Brooks’case? the lung volumes 
after treatment improved. Other investigators 
found an increase in blood volume!® and vis- 
cosity! in polycythemia. 

We have made detailed studies of pulmonary 
function in five cases of polycythemia. All of 
these were studied before and after treatment 
with phlebotomy. 


METHODS 


The measurement of residual air volume was 
made using an open circuit method in which the 
nitrogen of the lungs is washed out by continuous 
inhalation of pure oxygen and collected over a 
period of seven minutes. An index of intra- 
pulmonary mixing was obtained by sampling of 
the alveolar air at the end of this period." 

The measurements of lung volumes and 
maximum breathing capacity were obtained 
using the spirographic technic." 

Arterial blood samples were obtained from the 
brachial artery using an indwelling Cournand- 


* From the Medical Service of the Veterans Administration Hospital, Bronx, N. Y. Reviewed in the Veterans 
Administration and published with the approval of the Chief Medical Director. The statements and conclusions pub- 
lished by the authors are the result of their own study and do not necessarily reflect the opinion or policy of the Veterans 


Administration. 
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type needle. The blood was collected by the 
technic described by Riley," using heparin to 
prevent clotting and a small globule of mercury 
in the syringe to facilitate mixing. The oxygen 
content and capacity and the carbon dioxide 
content were determined on duplicate samples 


of Riley.’ Duplicate measurements were made 
using two Roughton-Scholander syringes and 
all samples checked within 2 mm. of mercury. 
Expired air samples were collected in duplicate 
simultaneously with the blood specimens. Oxy- 
gen intake and carbon dioxide output were 


TABLE ILA 


PULMONARY FUNCTION STUDIES BEFORE AND AFTER PHLEBOTOMIES IN FIVE CASES OF POLYCYTHEMIA VERA 


Case | 


Case Il Case Ill Case IV Cese V 


Before After — Before After Before After Before After felore Alter 
(2.85 L. in 21 doys) (2.5 L. In 21 days) (3.7 L. in 30 days) (5.4 L. In 32 days) (4.8 L. in 60 days) 


Red blood count, million per cu. mm. TA AD 68 "48°73" 
Hemoglobin, gm. per 100 ec. 22 23 15.7 21.8 16.3 
Hematocrit, % 67 46 47 73 46 67 ru) 7 48 
Blood volume cc.; P32 Actual 10.000 7500 6300 5750 7930 5360 ---- ---- 8450 7900 
Vital capacity in cc. Actual 4130 4430 4540 4525 3838 3780 2070 3930 2950 4500 
Predicted TH MO 
Residual air cz. Actual 1430-1582 1286 1005 1144 863 1626 1700 1378 1307 
Total capacity in ce. Actual 6040 6292 5627 4807 4530 3937 5970 4435 5926 
Total capacity Predicted WS Wes Wa We Ws 
Maximum breathing capacity (% of normal) 93:5 1020 100° ‘139 173 48.8 33.3 60.5 
Maximum breathing capacity 
L./min. Actual 92.0 124.5 163 «157 12155 99 
Predicted 98.4 98.4 Ts “TS Ts “7 Téa 
Arterial O2 saturation (normal 94-98 %) 94.4 95.0 95.5 97.0 95.4 95.8 69 95.4 65 80.3 
Arterial pO2 mm. Hg (normal 95mm. Hg) 87 92 89 101 104 (92 Me. 2 38 51 
Arterial pCO2 mm. Hg (normal 40 mm. Hg) 43 43 47 40 45 «47 78-48 73 66 
Ventilation L./min./M? 
At rest Normal = 4.68 4.39 3.58 3.61 3.57 3.64 3.01 3.64 3.31 3.20 
After exercise. 10.8 13.6 12.5 9.56 4.33 9.05 ---- 9.35 9.48 9.56 
+ 
Oxygen consumption In 
cc./min./M 
+13 
After exercise oes 522 602 634 318 486 --—- 43 454 458 


Oxygen removal in ce. /L. 
of ventilation 


At rest Normal 46.8 38.9 42.3 61.0 
+ 7.1 
Atter exercise Normal 54.8 57.6 53.1 74.7 
+ 6.2 
Arterial O2 lon after 1 94.4 94.0 98.0 


(normal 94-98 %) 


54.5 51.7 46.2 58.2 46.5 61.8 52.0 
79.9 90.4 65.7 ---- 56.8 58.4 58.1 
9.0 75.0 95.0 ---- 93.7 60.6 78.6 


using the Van Slyke-Neill apparatus. All 
samples checked within 0.2 volumes per cent. 
The arterial blood tensions of oxygen and of 
carbon dioxide were determined directly in 
millimeters of mercury, using the direct method 
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calculated from the percentage of oxygen and 
carbon dioxide found in these expired air 
samples, as determined in a Scholander gas 
analyzer. The duplicate measurements checked 
within 0.04 per cent. 
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Arterial blood samples and expired air were 
collected under basal conditions with the pa- 
tients breathing room air, high and low oxygen 
concentrations each for twenty-minute periods 
when indicated. Finally oxygen saturation was 
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due primarily to a decrease in the blood viscosity 
and to some extent a decrease in total blood 
volume. This increase in maximum breathing 
capacity was the only change noted in Cases 
I and 


TABLE 11B 


PULMONARY FUNCTION STUDIES BEFORE AND AFTER PHLEBOTOMIES IN FIVE CASES OF POLYCYTHEMIA VERA 


Case | Case Il Case III Case IV Case V 
Before After Before After Before. After Before After Before After 
(2.85 L. in 21 days) (2.5 L. in 21 days) (3.7 L. In 30 days) (5.4 L. In 32 days)(4.8 L. In 60 days) 
Alveolar pO2 mm. Hg 100 101 - 88 100 92 91 48 92 58 69 
Room Arterial pO2 mm. Hg 87 92 89 101 104 92 34 92 38 54 
olr Arterial pCO? mm. Hg 43 43 47 40 45 47 78 43 73 58 
breathing Alveolar-arterial gradient 13 9 -1 -1 -1 ‘14 0 20 15 
Dead space ml. % of tidal alr 35 3 24 18 22 31 42 31 27 31 
High Alveolar 257* 97t 288* 
oxygen Arterial pO? 95 54 91 
breathing Arterial pCO2 B84 69 64 
Alveolar-arterial gradient 162 43 197 
Dead space 48 27 31 
Alveolar pO» 47 42 41 47 7 43 
Low oxygen Arterial pO? 44 38 40 52 7 35 
breathing Arterial pCO? 38 41 4] % 46 42 
(12.4%) Alveolar-arterial grodient 3 4 1 5 0 8 
Dead space 28 31 22 ib 32 31 
*51.7% 
+27 .35 % 


determined after one minute of standard exer- 
cise and the expired gas during the exercise was 
collected in a Douglas bag and analyzed. During 
the five-minute recovery period the expired air 
was collected and analyzed. The expired air, 
except during exercise, was collected in the 
‘Tissot apparatus and the spirogram attached 
permitted calculation of the respiratory rate and 
tidal air under the various conditions. The 
alveolar-arterial gradients were calculated from 
the data obtained according to the method of 
Riley and Cournand.” 

pH determinations were calculated from line 
charts of the Henderson-Hasselbalch equation. ! 

The blood volumes were determined by the 
use of P*? labeled red cells. 


COMMENTS 


Five cases of polycythemia vera were sub- 
jected to detailed pulmonary function studies 
before and after phlebotomies. The results of 
these studies are listed in Table n. 

A basic change in all five cases was an increase 
in the maximum breathing capacity after 
phlebotomy. This is believed to be due to an 
increase in the elasticity and a decrease in the 
viscous resistance of the lung tissue to changes 
in shape, and when present, to a decrease in the 
anoxemia. These former changes are probably 


Case 1, in addition to the maximum breath- 
ing capacity change, demonstrated an unusual 
aberration of pulmonary function. During exer- 
cise there was a failure to increase ventilation 
significantly, the actual value being approxi- 
mately half the predicted value. This in turn 
was reflected by an inadequate oxygen con- 
sumption during exercise and consequently a 
decrease in oxygen saturation with exercise. 
This phenomenon is especially interesting in 
view of the fact that the patient had the ability 
to hyperventilate, considering that the maximum 
breathing capacity was 133 per cent of the pre- 
dicted normal. He also had the stimuli to 
hyperventilate with exercise, viz., low pH, high 
arterial pCO, and anoxia. However, there was 
marked hypoventilation. In view of these facts 
we feel justified in concluding that this patient’s 
respiratory center was insensitive to these 
stimuli. Since this patient did manual labor, it 
is reasonable to assume that he was anoxic 
during most of his working day. This was sub- 
stantiated by the fatigue, of which the patient 
was aware. Following phlebotomies this pa- 
tient’s ventilation and oxygen consumption 
during exercise and his oxygen saturation after 
exercise returned to normal. However, his 
effective alveolar ventilation at rest, as reflected 
by the arterial pCO2, remained elevated. These 
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changes with phlebotomy would suggest that 
the respiratory center damage was at least 
partially reversible. 

Case 1v demonstrated a marked decrease in 
vital capacity, total capacity and maximum 
breathing capacity. The mechanisms for these 
changes are believed to be the same as postulated 
before, namely, increased blood viscosity and 
volume causing a decrease in elasticity, and an 
increase in the viscous resistance of the lung 
tissue. Before phlebotomy this patient had a 
definite distribution gradient indicating per- 
fusion of poorly ventilated areas.*!8 One ex- 
planation for this phenomenon is that in the 
normal individual at rest all the alveoli are not 
being well ventilated or perfused. In this patient 
with polycythemia and increased blood volume 
there was an opening up of the capillary beds 
of some of these poorly ventilated alveoli. This 
would result in a poor correlation of perfusion 
and ventilation and thus give rise to a high 
distribution gradient. A similar mechanism has 
been postulated by Riley in patients with mitral 
stenosis and pulmonary hypertension.’ This 
patient was strikingly unsaturated at rest, with a 
very poor effective alveolar ventilation in view 
of the arterial pCO, of 78 mm. of mercury. Thus 
there appear to be two factors contributing to 
the arterial oxygen unsaturation at rest, namely, 
inadequate ventilation and venous admixture. 
In addition, we believe that a third factor was 
playing a part, namely, respiratory center 
damage. This is substantiated by the fact that 
this patient had the ability to ventilate 62 L. per 
minute, at least for short periods of time. He 
certainly had stimuli for hyperventilation at 
rest with an arterial pH of 7.3, arterial pCO: of 
78 mm. of mercury and arterial pO» of 34 mm. 
of mercury. Despite these strong stimuli this 
patient’s ventilation at rest, while breathing 
room air, was only 7.83.L. per mm., 13 per cent 
of his maximum breathing capacity. 

One of the remarkable features of this case 
was the complete return to essentially normal 
values for ventilation and gas exchange follow- 
ing adequate phlebotomy. This again would 
indicate the reversibility of the lung volume 
changes, the distribution gradient and the 
respiratory center damage. 

We do not believe that these changes were 
due to any significant underlying chronic pul- 
monary disease such as emphysema since the 
alveolar nitrogen after breathing pure oxygen 
was normal and the spirogram showed no 
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799 
evidence of obstruction. Furthermore, except 
for a slight increase of the residual air, the lung 
volume and arterial gas studies all became 
normal after phlebotomy. This would seem to 
preclude the presence of any significant pul- 
monary parenchymal disease. It is of interest to 
note that the alveolar nitrogen was within 
normal limits before and after phlebotomy even 
though tension studies indicated a high venous 
admixture component. This is in striking con- 
trast to the findings in pulmonary emphysema 
in which a high alveolar-arterial gradient exists 
with high oxygen and a high alveolar nitrogen 
after breathing pure oxygen for seven minutes. 
Evidently, when there are permanent intrinsic 
tissue changes in the lung, nitrogen is not washed 
out as easily as in this patient with polycythemia. 

Case v demonstrated essentially the same 
pulmonary function abnormalities as Case iv 
except that in addition there was a high diffusion 
gradient. This possibly was due to the fact 
that the diffusing surface, i.e., the capillary bed, 
was reduced by thrombosis. Following phle- 
botomies this patient’s lung volumes returned to 
normal. This is consistent with the hypothesis 
that these changes were due to decreased elas- 
ticity and increased viscous resistance of the lung 
as a result of the large volume of viscous blood 
these patients have. Failure of the maximum 
breathing capacity to return completely to nor- 
mal is believed to be due to persistence of the 
anoxia. This would interfere with the muscular 
effort necessary for performing the maximum 
breathing capacity. 

The persistence of anoxia was largely due 
to the continued poor correlation between 
ventilation and perfusion. This gas exchange 
abnormality was then primarily due to poor 
effective alveolar ventilation (arterial pCO. 66 
mm. of mercury) and less to opening up of the 
capillary beds of alveoli which normally are 
poorly ventilated. The poor effective alveolar 
ventilation in turn is thought to reflect respira- 
tory center damage. At this stage the patient 
had a maximum breathing capacity of 99 L. per 
minute and was ventilating only 7.55 L. per 
minute despite the presence of strong stimuli. 
Thus he was utilizing only 7.6 per cent of his 
maximum breathing capacity at a time when 
his arterial pO2 was 51 mm. of mercury and 
pCO, 66 mm. of mercury. In order to eliminate 
the possibility of anoxic depression of the 
respiratory center the patient was placed in a 
Drinker respirator for forty-eight hours. With 


‘Ses 
* 
é 
f&& 
‘ 
Bex 
pis 
4 
4 
Wee 
a3 2 
Se 


710 


this procedure after twenty-four hours the 
arterial pCO, dropped to 53 mm. of mercury, 
CO, content went from 62.1 volumes per cent to 
51.6 volumes per cent, and the oxygen saturation 
rose to 93 per cent. However, one hour after 
removal from the respirator the arterial pCO» 
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This anoxia would tend to augment the decrease 
in maximum breathing capacity. In addition, 
the increased blood viscosity and volume would 
tend to open the capillary bed of alveoli which 
are normally poorly ventilated and thus increase 
the distribution gradient and resultant anoxia. 


INCREASED BLOOD VISCOSITY AND VOLUME 


Opening up of the 
capillery bed in areas 
of the lung which are 
relatively poorly 
ventilated 


tissue 


Decreese in 
vitel caprcity 


High distribution 
eredient; venous 
admixture 


v 


Increased srterial pC02 


Decreased elasticity 
end increased viscous 
resistance of lung 


Decrease in 
maximum breathing 
capacity 


Possibly fortui- 
tous thromboses 


Fortuitous 
venous throm- 
boses in the 
lungs 


with respiratory acidosis 


Pulnonery hypertension 
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Fic. 1. Sequence of events which may occur in some cases of polycythemia vera. 


rose to 61 mm. of mercury and the oxygen 
saturation dropped to 82 per cent. This would 
seem to indicate respiratory center damage due 
to causes other than anoxia; however, a more 
prolonged period in the respirator might be 
necessary before this could be definitely ruled 
out. 

We, therefore, believe that this patient 
demonstrates not only the possible irreversibility 
of respiratory center damage but also possible 
progression of this disease along lines not pre- 
viously indicated. 


OBSERVATIONS 


We have presented pulmonary function 
studies in five patients with polycythemia vera. 
As a result of these studies we believe that the 
following sequence of events may occur in some 
patients with this disease. (Fig. 1.) The increased 
blood viscosity and volume causes a decrease in 
the elasticity and increase in the viscous resist- 
ance of the lungs. This in turn leads to a decrease 
in the maximum breathing capacity and the 
vital capacity. These changes result in impair- 
ment of ventilation which gives rise to a poor 
correlation between ventilation and perfusion 
and thereby creates a high distribution gradient 
with resultant arterial oxygen unsaturation, in- 
creased arterial pCO: and respiratory acidosis. 


Since polycythemia vera predisposes to throm- 
boses, it is not unreasonable to assume that these 
may occur in the alveolar capillaries and thereby 
give rise to a diffusion gradient which would 
further contribute to the anoxia. Finally, since 
three of our five cases demonstrated evidence of 
respiratory center damage, this would be 
another mechanism further to impair ventilation 
and thereby contribute to the anoxia. Un- 
doubtedly, this respiratory center damage is in 
part due to anoxia. However, this would not 
account for all of it since Case 11 showed evi- 
dence of respiratory center damage while at 
rest when he had a high arterial pCO:2 but 
normal oxygen saturation, and in Case v relief 
of the anoxia did not improve the function of 
the respiratory center. 

We did not take measurements of the pul- 
monary artery pressure. However, in view of 
the development of pulmonary hypertension in 
normal individuals breathing low oxygen ten- 
sions, as demonstrated by Motley et al.,?° and in 
view of the accentuated second pulmonic sound 
in two of our patients (Cases 1 and v), it is not 
unreasonable to assume that these patients may 
go on to pulmonary hypertension and finally 
to right ventricular failure. 

Objective analysis of our findings would admit 
another possibility. Cases of polycythemia vera, 


AMERICAN JOURNAL OF MEDICINE 


‘ 
et 
+ 
n 
. 
4,2 
. 
2 


Pulmonary Function in Polycythemia—Newman et al. 711 


as we know them now, may represent a hetero- 
geneous group. Some of these patients may 
actually represent a polycythemic response to 
medullary center damage of unknown etiology. 
This could certainly be true of Cases m, tv and v 
if one would admit that our present technics of 
studying pulmonary function are not sensitive 
enough to discern small quantitative changes 
resulting from such impairment. 


CASE REPORTS 


Case 1. A fifty-five year old hat salesman 
was well until approximately four weeks before 
admission to the hospital. At that time he noted 
the gradual onset of painless gangrenous changes 
of the tips of the distal phalanges of the four 
medial fingers of the left hand. Because of these 
changes the patient was hospitalized. 

Physical examination on admission revealed 
a slim, plethoric white male in no acute distress. 
There was injection of the conjunctivas and 
slight engorgement of the veins of the fundi. 
The lungs were clear to percussion and ausculta- 
tion with normal chest expansion and diaphrag- 
matic excursion. The heart was not enlarged 
to percussion and there was a regular sinus 
rhythm with a rate of 82. The blood pressure 
was 122/88 mm. of mercury in the right arm 
and 130/85 mm. of mercury in the left arm. 
Az equaled Pz. No murmurs were heard. The 
abdomen was negative except for a firm, non- 
tender spleen palpable two _fingerbreadths 
below the costal margin. Examination of the 
extremities revealed no clubbing. There was 
coldness and cyanosis of the distal phalanges of 
the four medial fingers of the left hand with 
approximately 5 mm. areas of aimocst black 
discoloration at the tips of these fingers. 

The hemogram and related data are tabu- 
lated. Platelet count was 400,000 and the white 
blood count 14,700. The remainder of the 
laboratory findings, including chest x-ray and 
fluoroscopy, were within normal limits. 

Following phlebotomy of 2.85 L. in twenty- 
one days there was marked subjective improve- 
ment and the appearance of the hands returned 
to normal. 

This patient fulfilled all the criteria for the 
diagnosis of polycythemia vera. He had a poly- 
cythemia with leukocytosis, increase in platelets 
and splenomegaly. In addition, he presented 
venous thromboses, one of the frequent com- 
plications of polcythemia. 

CasE uu. A thirty-three year old white male 
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had noted lethargy, irritability, frequent epi- 
staxis and a reddish purple color of the skin for 
three years preceding admission. Physical exam- 
ination revealed a slightly obese, well developed, 
young male with plethoric facies. There was no 
respiratory distress. The eyes showed injection 
of the conjunctivas and fundi revealed 1 diopter 
of papilledema with marked distention of the 
veins. The heart and lungs were within normal 
limits. The spleen was palpable two finger- 
breadths below the costal margin. The re- 
mainder of the physical examination was 
non-contributory. 

The hemogram and related data are tabu- 
lated. The platelet count was 280,000 and white 
blood count 9,600. The blood urea nitrogen, 
fasting blood sugar, urine and urinary 17- 
ketosteroid excretion were within normal limits. 
Blood serologic tests were negative. The electro- 
cardiograph was normal. 

X-ray examination of the chest revealed the 
lung fields to be clear and the heart normal in 
size and configuration. Fluoroscopic examina- 
tion of the chest demonstrated good diaphrag- 
matic excursion. A bone survey by x-ray 
was negative and did not demonstrate any 
osteoporosis. 

Following phlebotomies, 2.5 L. in twenty-one 
days, the patient noted increased energy, 
marked decrease in his irritability and the 
plethora was less striking. 

This patient fulfilled many of the criteria 
for the diagnosis of polycythemia vera. He had 
the typical history and facial appearance of 
patients with this disease. In addition there was 
an enlarged spleen and increase in the red blood 
count, platelet count and plasma volume. One 
of the features which was missing was the 
leukocytosis which 50 per cent to 70 per cent 
of these patients demonstrate.!’ Other causes 
for polycythemia were sought but none could 
be found. 

Case mt. A thirty year old Negro male was 
admitted to the hospital complaining of abdom- 
inal pain of two years’ duration. The pain was 
described as transient, moderately sharp in the 
right para-umbilical region radiating occa- 
sionally to the left upper quadrant. There was 
no relation to meals, position or bowel move- 
ments. Examination for this complaint at its 
onset two years before admission failed to reveal 
any significant pathologic disorder. ‘Two months 
before admission the patient was admitted to 
another institution, polycythemia was discov- 
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ered and he was transferred to this hospital for 
further investigation and therapy. Past history 
and system review were non-contributory. 

Physical examination on admission revealed a 
well developed and well nourished Negro male 
in no acute distress. There was an underlying 
redness in the skin but no cyanosis. The scleras 
were suffused. The chest revealed no bony 
deformity and a normal P-A diameter. Respira- 
tions were primarily diaphragmatic but with 
forced breathing there was adequate movement 
of the chest cage. The breath sounds were 
vesicular and there were no rhonchi or rales. 
Examination of the cardiovascular system was 
within normal limits except for an accentuated 
P.. The blood pressure was 120/80. Abdominal 
examination revealed no pathologic findings. 
There was no splenomegaly. 

Urine analyses, serology, stool examinations 
for occult blood, ova and parasites and serum 
protein determinations were within normal 
limits. Intravenous pyelogram, gastrointestinal 
series and barium enema were within normal 
limits. The hemogram and related data are 
tabulated. The white blood count was 9,300 
with a normal differential, platelets 325,000. 
Sternal marrow examinations revealed essen- 
tially normal findings. Fluoroscopic examina- 
tion of the chest revealed good diaphragmatic 
excursions, clear lung fields and a normal cardio- 
vascular silhouette. The electrocardiogram was 
within normal limits and the electroencephalo- 
gram was reported as a normal record in a 
drowsy patient. 

Pulmonary function studies were performed 
on admission and following phlebotomies total- 
ing 3.7 L. in thirty days there was a striking 
subjective improvement with a sense of well- 
being and an increase in work capacity. On 
examination the plethora disappeared and the 
previously accentuated P2 was markedly dimin- 
ished. One of the striking features before phle- 
botomy was a failure to increase ventilation 
following exercise. After completion of the 
phlebotomies the patient demonstrated a normal 
ventilatory response to exercise. This point is 
well demonstrated quantitatively in the tabu- 
lated pulmonary function studies. 

Polycythemia was noted in this young colored 
male as an accidental finding. Despite the 
absence of some of the criteria for the diagnosis 
of polycythemia vera, viz., splenomegaly and 
leukocytosis, none of the usual causes for 
secondary polycythemia could be found. Thus 


the diagnosis of polycythemia vera was made 
by exclusion. The cause for the patient’s abdom- 
inal complaints was not apparent. 

CasE A fifty-four year old white male was 
admitted to the hospital because of somnolence 
which had begun four years previously and 
gradually increased. Prior to hospitalization he 
slept twenty hours out of twenty-four. He was 
lethargic, apathetic and his concentration was 
poor. During gatherings with his friends he 
would fall asleep. He described his speech as 
thick and for many months his vision was 
blurred. In 1920 the patient weighed 145 
pounds. He progressively gained weight from 
this time until admission. During the year before 
admission he was dyspneic with effort and tired 
easily. There was no history of chest pain, 
orthopnea, or nocturnal paroxysmal dyspnea. 
Five years before admission he had been hos- 
pitalized at another institution and at that 
time his weight was 350 pounds, hemoglobin 
18.5 gm. per cent, red blood count 6,500,000 
and the hematocrit was 62 per cent. 

On examination he was found to be an ex- 
tremely obese male who was cyanotic and very 
lethargic. He was comfortable lying flat. The 
blood pressure was 145/95. There was a bilateral 
proptosis. The conjunctivas were markedly 
injected and examination of the fundi disclosed 
1 diopter of papilledema with venous engorge- 
ment. The breath sounds were diminished 
throughout and there were a few rales at both 
lung bases. The heart was normal. Examina- 
tion of the abdomen was impaired by the 
marked obesity. The genitalia were normal. 
There was slight pitting edema and varicosities 
of both legs. The skin was dusky and there 
were abdominal striae. There was a stasis 
dermatitis of the lower limbs. The remainder of 
the examination was normal. 

The hemogram and related data are tabu- 
lated. The platelet count was 306,510, and the 
white blood count 6,550. Urine analysis was 
negative. The blood urea nitrogen was 18 mg. 
per cent, Mazzini test negative, fasting blood 
sugar 97 mg. per cent, serum cholesterol 152 mg. 
per cent and chlorides 90 mEq./L. The COsz 
combining power was 69 volumes per cent, 
serum bilirubin 1.0 mg. per cent and urinary 
ketosteroid excretion was normal. X-ray exam- 
ination of the chest disclosed normal lung fields 
and cardiac silhouette. Fluoroscopy confirmed 
this as well as demonstrating the presence of 
good diaphragmatic motion. X-ray of the 
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thoracic and lumbar spine showed marked 
hypertrophic arthritis. The sella turcica was 
normal. The electrocardiograph showed a sinus 
arrhythmia with frequent supraventricular 
premature contractions. 

The patient was initially digitalized because 
of presumed cardiac failure. However, after a 
red blood count and hemoglobin were obtained, 
digitalis was discontinued. Repeated phle- 
botomies totaling 5.4 L. in thirty-two days were 
performed with marked subjective and objective 
improvement. His lethargy lessened consider- 
ably. He became much more active and alert. 
His hours of sleep decreased from approxi- 
mately twenty hours a day to eight. Electro- 
encephalograms were obtained, one early during 
the patient’s hospitalization and one after treat- 
ment. The initial record disclosed evidence of 
focal vascular lesions. The follow-up electro- 
encephalograph was mildly abnormal due to 
scattered slow waves in the occipital and central 
areas but showed a definite improvement. 

The history and physical findings of this 
patient were consistent with progressive poly- 
cythemia and obesity. The spleen was not pal- 
pable but this examination was impaired by 
his pendulous abdomen. The hematocrit, hemo- 
globin and red blood count were high. The 
blood volume was not determined because of 
technical difficulties. It was thought that this 
patient probably represented a case of poly- 
cythemia vera although there was no leukocy- 
tosis and the presence or absence of spleno- 
megaly could not be ascertained. 

CasE v. A thirty-two year old male was 
first admitted in April, 1948, complaining of 
fatigue and lassitude. At that time the history 
revealed that in 1943, while in the army, the 
patient noted reddish blue discoloration of the 
face. He was hospitalized in an army hospital 
in which red blood counts of eight to nine mil- 
lion were recorded and the patient was given 
a medical discharge in 1945 with a diagnosis of 
polycythemia vera. During his first admission 
to the hospital he was studied for possible 
Cushing’s syndrome, brain tumor, congenital 
heart disease and pulmonary disease with nega- 
tive results. Two arterial oxygen saturation tests 
at rest done at that time showed 96 per cent 
saturation. The final discharge diagnosis was 
polycythemia vera. The patient was readmitted 
in June, 1950, because of increasing discolora- 
tion of the face and an incapacitating degree 
of lethargy. 
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On examination the patient was moderately 
obese and cyanotic but was in no respiratory 
distress. The fundi showed distended, tortuous 
veins and blurring of the disc margins. The 
chest was thick and obese with good mobility 
and examination of the lungs disclosed a few 
basilar fine moist rales bilaterally. The area of 
cardiac dullness was not percussible, the rhythm 
was regular, P2 was markedly accentuated and 
there were no murmurs. The abdomen was 
obese and no organs or masses could be felt. 

The hemogram and related data are tabu- 
lated. The white blood cell and platelet counts 
ranged about 7,000 and 200,000, respectively. 
Blood serologic tests were negative. The urine 
contained negative to 2 plus protein with occa- 
sional hyaline and granular casts. A glucose 
tolerance test and 17-ketosteroid excretion were 
normal. The blood sodium, blood urea nitrogen 
and serum proteins were within normal limits. 
A bone survey by x-ray failed to demonstrate 
any osseous abnormalities. The chest x-ray 
revealed normal lung fields and cardiovascular 
silhouette. Fluoroscopy demonstrated good dia- 
phragmatic excursion. An electrocardiogram 
showed non-specific TIT wave changes. The 
venous pressure was 115 mm. of H2O and 
circulation time arm to tongue, using decholin, 
was fourteen seconds. 

The hospital course was uneventful. Following 
phlebotomy, of 4.8 L. in sixty days, there was 
a moderate but not striking decrease in the 
patient’s symptomatology. 

This patient represented the most complicated 
case which was studied. Here again, polycy- 
themia vera was diagnosed by exclusion since 
the patient never demonstrated leukocytosis or 
thrombocytosis and the obesity precluded ade- 
quate examination for splenomegaly. In addi- 
tion, before phlebotomy, although the red blood 
cell mass was increased the plasma volume was 
decreased. In view of the work of Berlin et al.'° 
the values for plasma volume cannot be used 
for differentiating primary from secondary 
polycythemia. An adequate explanation for the 
polycythemia could not be found and in view 
of the normal oxygen saturation three years 
before the present admission at a time when 
the patient was polycythemic, we felt justified 
in considering him a case of polycythemia vera. 


SUMMARY 


Detailed pulmonary function studies are 
reported in five cases of polycythemia, probably 
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polycythemia vera. The results would indicate 
that some of these patients may show incapaci- 
tating changes in directions not previously indi- 
cated. Thus definite changes in ventilation and 
gas exchange may occur, with the development 
of severe degrees of anoxia. The anoxia and 
other unknown factors result in respiratory 
center damage and a vicious cycle may be 
initiated. Since these changes were not reversible 
in all our cases, early and adequate therapy 
would seem to be imperative in patients with 
polycythemia vera. 

The possibility is pointed out that polycy- 
themia vera may be a heterogeneous disease 
with some of the cases representing a poly- 
cythemic response to primary respiratory center 
damage of undetermined etiology. 
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Effect of Cortisone and ACTH on Fluid 
and Electrolyte Distribution in Man’ 


Marvin F. Levitt, M.p.f and Mortimer E. BADER, M.D. 
New York, New York 


hormones may influence the distribution of 

fluid between cells and the extracellular 
compartment.!~® It is not clear whether this re- 
distribution is limited to water and is achieved 
solely by a primary change in exogenous sodium 
balance with its attendant osmotic effect or 
whether it is partly a consequence of an endo- 
genous shift of salt as well as water between the 
cells and the extracellular compartment. Swingle 
and his co-workers deduced that adrenal cortical 
extract increased the isotonic extracellular vol- 
ume in adrenalectomized, fasted dogs and 
suggested, therefore, that the adrenal hormone 
evoked an endogenous shift of salt and water into 
the extracellular compartment.!~* Gaudino and 
Levitt demonstrated that synthetic desoxycorti- 
costerone produced large but reversible shifts of 
fluid from within the cells outward whereas ad- 
renalectomy induced the opposite effect.” The 
fact that total body water and serum electrolyte 
concentrations remained essentially unchanged 
in their experiments likewise suggested that an 
endogenous shift of salt and water had occurred. 
Harrison and Darrow, calculating tissue water 
compartments upon the assumption that chloride 
is limited to extracellular distribution, demon- 
strated that during progressive adrenal insufhi- 
ciency water shifted from the extracellular to the 
intracellular compartment but concluded that 
these water shifts were entirely due to urinary 
sodium loss and decreased extracellular sodium 
concentration.*' 

The availability of cortisone and ACTH has 
further stimulated interest in the influence of 
adrenal activity on electrolyte metabolism. It 
has been well demonstrated that these agents 
frequently produce salt retention,®:!° but it has 
also been noted that edema and circulatory 


Pirersee evidence indicates that the adrenal 


failure may occur in patients maintained on 
salt-free diets.1! As in the case of the other 
adrenal hormones, it is possible that such effects 
may result from endogenous salt and water 
shifts. It seemed desirable, therefore, to study 
the influence of cortisone and ACTH on fluid 
and electrolyte distribution in patients main- 
tained on salt-free diets so that primary retention 
of sodium chloride is minimized if not excluded. 


METHODS 


Serial measurements of plasma volume, inulin 
space, serum electrolyte concentrations, and 
inulin and PAH clearances were performed in 
six patients before and during the course of 
cortisone or ACTH therapy. Three of the pa- 
tients were treated with 100 to 150 mg. of 
cortisone and three with 100 mg. of ACTH 
daily for periods of ten to twenty days. Through- 
out the control period (four to seven days) and 
the period of hormone treatment the patients 
were maintained on a rice-fruit diet. { The first 
set of measurements was performed on the last 
day of the control period and was repeated 
serially every three to four days throughout 
treatment. In five of these patients total daily 
urinary sodium, chloride and potassium outputs 
were determined. In one patient mercuhydrin 
was injected daily for three days starting at the 
sixth day of ACTH treatment but no other phase 
of the protocol was altered. The patients were 
weighed daily and adherence to the constant 
diet was carefully supervised. 

Inulin space was measured as previously 
described.'4~1* Constant priming doses and 


t Analyses of the rice diet revealed a daily electrolyte 
intake of 3, 6 and 40 mEq. of sodium, chloride and 
potassium, respectively, results which compare favorably 
with previous analyses of the rice diet.!2-1% 


* From the Departments of Medicine and Pediatrics, Mt. Sinai Hospital, New York, N.Y. Part of these results have 
been presented in abstract form: Levirt, M. F. and Baper, M. E. Influence of cortisone and ACTH on water and 
electrolyte distribution and renal function. Federation Proc., 10: 82, 1951. 
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identical infusion rates and concentrations were 
used in an individual patient throughout the 
course of a study. The infusion was maintained 
at a constant rate of 0.8 + 0.016 cc./min. for 
five and a half hours. At the end of that time the 
bladder was washed and the infusion discon- 
tinued simultaneously. Thereafter the urine was 
collected until all the inulin had been excreted 
(eighteen hours). Three plasma samples were 
drawn in the ninety-minute interval directly 
preceding cessation of the infusion. The total 
amount of inulin excreted after stopping the in- 
fusion, divided by the average equilibrium 
plasma concentration, was taken as the volume 
of distribution of inulin. Prior to the inulin in- 
fusion a plasma blank and a timed urinary 
specimen were collected for appropriate blank 
corrections. Virtually all the injected inulin was 
recovered in the urine (94 to 102 per cent). 
The quantity of infused sodium chloride that 
was retained during each space measurement 
did not exceed 3 per cent of the original store of 
extracellular sodium and chloride and has been 
included in the balance data. Inulin and p- 
aminohippuric acid (PAH) clearances were 
determined during the final one to two hours 
of the equilibrating infusion according to the 
method of Smith and his co-workers. ” 
Analyses for inulin were performed by the 
Schreiner modification of the resorcinol method'® 
and blood glucose and urinary-reducing activity 
were measured separately in each experiment. 
No significant hyperglycemia or glycosuria was 
noted during the course of these observations. 
Furthermore, the serum and urinary blank cor- 
rections preclude any error from this source. 
PAH determinations were made by the method 
of Bratton and Marshall.!® Plasma volume was 
measured by the T-1824 technic of Gregerson 
and Stewart with determinations based on a 
single ten-minute sample.”° Plasma sodium and 
potassium concentrations were measured on 
fasting pre-infusion samples with an internally 
compensated Perkin-Elmer flame photometer. 
All such samples from a single patient were 
analyzed simultaneously at the completion of 
therapy so that relative changes might be ap- 
parent. Urinary sodium and potassium concen- 
trations were likewise measured photometrically. 
Chloride analyses were performed by the method 
of Schales and Schales.*! Total extracellular 
electrolyte was calculated as the product of the 
inulin space and plasma concentration. No 


corrections were made for the water content of 
serum or for Donnan’s equilibrium. 


RESULTS 


Cortisone and ACTH induced in six patients 
a progressive increase in the inulin space of dis- 
tribution. This increase reached its peak after 
eight to nine days of therapy and averaged 
30 per cent (range of 20 to 38 per cent) above 
control values in the three patients treated with 
cortisone and 23 per cent (21 to 25 per cent) in 
the three treated with ACTH. (Table 1, Figs. 1 
and 2.) The average increase for all six patients 
equalled 27 per cent. The expansion of inulin 
space in the cortisone-treated patients was ap- 
parent as early as two or three days after the 
onset of treatment (Cases m and vi) and in all 
cases was coexistent with a weight loss of 1 to 
2 kg. Changes in plasma sodium and chloride 
were not remarkable although there seemed to 
be a slight but consistent increase in sodium 
concentration and either no change or a slight 
decrease in chloride. The increase in total extra- 
cellular sodium and chloride, therefore, ap- 
proximated the proportionate increase in inulin 
space. As noted in Table 1 and Figure 3, the 
positive sodium chloride balance accounted for 
only 10 to 20 per cent of the total increase in 
extracellular electrolyte. If the sodium chloride 
accumulated from the slight positive balance 
(including the retained portions of the 50 mEq. 
of the sodium chloride infused during each 
inulin space determination) is subtracted from 
the absolute extracellular electrolyte increase, 
a substantial moiety remains. This increase in 
extracellular sodium in the five patients in whom 
balance data are available averaged 25 per cent, 
with specific percentages increases for Cases 1, 
II, m1, v and v1, respectively, equal to 34, 33, 22, 
20 and 20 per cent. Similar increase in extra- 
cellular chloride averaged 19 per cent with the 
individual increments for the same_ patients, 
respectively, 28, 21, 22, 11 and 12 per cent. In 
four patients in whom treatment was continued 
beyond eight or nine days the inulin space 
reverted to control values by the twelfth to 
fifteenth day despite continued therapy (Cases 1, 
mm, v and vi). Thereafter, continuation of 
treatment did not further influence the volume 
of distribution of inulin. (Table 1.) The decrease 
in extracellular electrolyte which accompanied 
the decrease in inulin space was not associated 
with a comparable negative electrolyte balance. 
The unaccounted for decrease in extracellular 
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sodium or chloride, therefore, approximated in 
magnitude the increase detected earlier in 
treatment. (Figs. 1, 2 and 3.) 

Mercuhydrin was injected daily during the 
sixth to ninth days of ACTH therapy in Case 1. 


65 
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15 0 MG/DAY p. 


0 3 6 9 12 1s 
TIME IN DAYS 
Fic. 1. The influence of cortisone on body weight, 
inulin space, plasma volume and renal function in 
Case vi. All indices except weight are expressed as 
percentile deviation from control. 
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Fic. 2. The influence of ACTH on body weight, inulin 
space, plasma volume and renal function in Case m1. 
All indices except weight are expressed as percentile 
deviation from control. 
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Despite a moderate sodium and chloride diure- 
sis little change was noted in the inulin space. 
In three of the five patients (Cases 1, 1 and m1) 
in whom balance studies were performed a 
negative potassium balance of about 20 mEq./ 


AVERAGE 


VALUES ey 
OF “TOTAL 


EXTRA- 
1000 


CELLULAR 


ELECTRO- 
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PRE- 8-9 DAYS 12-15 DAYS 
TREATMENT OF ACTH OF ACTH 


OR OR 
e 
CORTISONE CGORTISONE 
POSITIVE 
NEGATIV EXOGENOUS BALANCE 


Fic. 3. The average absolute changes in total extracel- 

lular electrolyte during cortisone and ACTH therapy 

compared to simultaneous changes in exogenous 

balance. 

day was noted during the first two or three days 
of hormone treatment. Thereafter no demon- 
strable negative or positive potassium balance 
was present except in the patient who received 
mercurial diuretics. Here a negative balance of 
125 mEq. was produced during the three-day 
period of electrolyte diuresis. 

The changes in plasma volume were con- 
spicuously small and probably within the range 
of experimental error. There was an increment 
in plasma volume which averaged 6 per cent, 
with a range from 2 to 10 per cent. (Table 1.) 

Renal function studies revealed a progressive 
increase of filtration rate in six of seven patients. 
(Table 1.)* Simultaneously, PAH clearances 
showed variable changes with slight increase in 
some and decrease in others. Cortisone and 
ACTH therapy, therefore, produced an increase 
in filtration fraction in each patient. The average 
increase in glomerular filtration rate was 31 per 
cent, in filtration fraction 23 per cent. Peak 
increases in renal function generally coincided 
with maximal expansion of the inulin space. 
Renal function reverted to control or subcontrol 
levels as adrenal therapy was continued beyond 
eight or nine days. 


* The renal function data obtained without coincident 
space measurements are not included in the tables. 
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The changes produced by cortisone and 
ACTH were qualitatively similar. Because of 
variation in dosage, the undetermined factor 
of dosage equivalence and the inherent limita- 
tions of the methods it is impossible to conclude 
that these agents produce quantitatively differ- 
ent responses. Consequently, the data from the 
two groups of patients have been treated as es- 
sentially one group of experimental observations. 


COMMENTS 


Available evidence suggests that the space of 
distribution of inulin affords the most reliable 
estimate yet made of the true extracellular 
volume. !4~16.22,47 This conclusion is deduced 
from two separate lines of investigation; one 
purporting to demonstrate that inulin is com- 
pletely excluded from the cells, and the other 
that it is freely diffusible throughout the extra- 
cellular compartment. That inulin does not enter 
cells seems probable a priori in view of its average 
molecular weight (5,000),?* its elongate struc- 
tural configuration™* and its lipoid insolubility. 
The inulin molecule has been shown to be ex- 
cluded from erythrocytes,”® bile,?® gastric juice?’ 
and renal tubular cells.2> No enzymes are known 
to be present in man which are capable of 
hydrolyzing it,?° and its rapid and quantitative 
recovery in the urine’*:!®-?8 argues against any 
significant storage or metabolism in the living 
organism. Its space of distribution is smaller than 
simultaneous volumes of other substances (thio- 
cyanate, sodium, chloride, mannitol) used for 
the measurement of extracellular fluid, most of 
which are now known io enter cells or undergo 
partial metabolism.**:?°-*! The volume of dis- 
tribution of inulin, as a measure of extracellular 
fluid, is therefore more readily compatible with 
recent estimates of total body water.*?:** 

The alternate possibility of incomplete dif- 
fusion into the extracellular compartment is 
made improbable by two sets of experimental 
observations: (1) Once the minimum infusion 
time necessary to establish equilibrium dis- 
tribution of inulin has been established (two 
hours in the dog, five hours in man), further 
prolongation of the infusion does not increase 
its space of distribution. '*:16 (2) The volumes of 
distribution of sucrose and inulin in the nephrec- 
tomized rabbit and rat,?®*4 and mannitol 
(with corrections for metabolism) and inulin in 
the human are identical.*?315 The equality of 
the spaces of distribution of molecules of 
such great variation in size offers strong evi- 


dence against the possibility of extracellular 
compartmentalization. 

In the experiments herein described cor- 
#eone and ACTH produced significant in- 
cieases in the inulin space. That these changes 
were not attributable to the metabolism of 
inulin is confirmed by the virtually complete 
recovery of the infused inulin which was 
achieved in each experiment. Inasmuch as these 
alterations were not associated with comparable 
weight changes or exogenous sodium or chloride 
balance only two alternative explanations are 
possible: (1) Cortisone and ACTH induce an 
internal redistribution of salt and water. (2) 
These agents produce an alteration in cellular 
permeability so that the inulin molecule is 
temporarily accessible to a small proportion of 
body cells (10 to 15 per cent). The second 
alternative is rendered unlikely by the evidence 
cited to support the hypothesis that inulin is 
excluded from cells. Furthermore, it seems im- 
probable that a carbohydrate molecule of such 
size may enter cells without undergoing break- 
down or metabolism. This alternate explana- 
tion, however, cannot be completely excluded 
at this time. 

If it is accepted that the inulin volume of dis- 
tribution provides a reliable estimate of extra- 
cellular volume, it follows as an immediate 
corollary that cortisone and ACTH induce an 
internal redistribution of salt and water. The 
following considerations are based on_ this 
premise: 

The endogenous sodium and chloride emptied 
into the extracellular compartment during the 
first eight to nine days of cortisone or ACTH 
therapy increased the total amount of extra- 
cellular electrolyte by 25 and 19 per cent, 
respectively. These average figures define the 
proportion of sodium and chloride originally 
contained within the extracellular compartment 
as approximately 80 and 84 per cent, respec- 
tively, of the amounts contained therein at the 
point of peak response. Previous observations 
regarding the proportion of extracellular sodium 
to total body sodium (simultaneous inulin/ 
sodium space ratios) have yielded average ratios 
of 0.62 in man and dog.'®1636 Similar inulin/ 
chloride space ratios in the dog (not performed 
simultaneously) have averaged 0.76,!**7 or if, 
as previously suggested, bromide be used as a 
measure of total body chloride, 0.67.1+°* No 
simultaneous over-all inulin/chloride space 
ratios are available in man. Recently, however, 
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it has been shown that the inulin/chloride space 
ratio in human muscle tissue averages 0.82%9 
despite the circumstance that muscle cells are 
relatively chloride-free.?? Simultaneous inulin/ 
bromide space ratios in man approximate 0.60 
to 00.70.1633 Consequently, the quantity of 
sodium and chloride contained outside of the 
inulin space appears entirely adequate to ac- 
count for the average changes described. The 
magnitude of the chloride shift was propor- 
tionately smaller than the simultaneous sodium 
movement, possibly as a result of the disparity 
between the proportion of non-extracellular 
chloride and sodium. 

The artificial diuresis produced by mercu- 
hydrin in Case 1 did not obscure the hormone- 
induced changes. The mercurials were ad- 
ministered before the expected peak increase in 
inulin space and, although a moderate sodium 
and chloride diuresis was induced, the fall in 
total extracellular electrolyte was dispropor- 
tionately small. The artificial diuresis, therefore, 
did not prevent the movement of sodium and 
chloride into the extracellular compartment. 

In three patients a mild and transient nega- 
tive potassium balance occurred during the 
early phase of the sodium and chloride shift into 
the extracellular compartment. Otherwise no 
clear-cut relation was observed between the 
redistribution of sodium and chloride and exo- 
genous potassium balance. 

These experiments do not reveal the precise 
source of the endogenous water, sodium and 
chloride which are diverted into the extracellu- 
lar compartment. The known calcium and 
phosphorus mobilization which is induced by 
the adrenal steroids!**° suggests that some of the 
sodium may derive from bone, which is known 
to contain appreciable stores of sodium. The 
quantity of salt-containing fluid present in the 
small intestine is another potential source and, 
of course, some tissue cells may contribute a 
significant proportion. The mechanism of re- 
versal of this redistribution with continued 
cortisone or ACTH therapy is also unknown. 

The changes in plasma volume are extremely 
small and possibly within the range of experi- 
mental error. What may be of significance is 
that each patient showed an increase, albeit 
small, coincident with the expansion of the 
extracellular volume. Certainly, as has been 
previously noted, plasma volume does not offer 
a sensitive index of changes in the extracellular 
volume. 
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In six of the seven patients studied there was 
a significant increase in filtration rate and, in 
all seven, an increase in filtration fraction simi- 
lar to observations previously recorded.*?—*4 It 
has been shown that the rice diet itself may 
produce alterations in renal function but in 
opposite direction from those observed here. **:46 
This circumstance may account for the sub- 
control values noted after twelve to fifteen days 
of cortisone or ACTH therapy. Although the 
peak changes in renal function and inulin space 
generally coincided, it does not follow that they 
are causally related. In Case 1 further expansion 
of the extracellular volume was inhibited by 
mercurial diuretics but a progressive change in 
renal function occurred nevertheless. This ob- 
servation suggests that the adrenal hormones 
may influence body water and electrolyte dis- 
tribution and renal function simultaneously but 
independently. 


SUMMARY 


1. Cortisone and ACTH induce a transient 
shift of water, sodium and chloride into the 
measurable extracellular volume (inulin space). 

2. This redistribution reaches its peak after 
eight to nine days of cortisone or ACTH 
therapy and then regresses despite continuation 
of therapy. 

3. Cortisone and ACTH produce a progres- 
sive increase in glomerular filtration rate and 
filtration fraction. The maximal changes in body 
fluid distribution and renal function coincide. 


Acknowledgment: The authors wish to express 
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Experience with Methimazole (Tapazole) 
in the Treatment of Hyperthyroidism’ 


A Report of Thirty-five Cases 


BERNARD L. HALLMAN, M.D. and Puitip K. Bonpy, M.D. 


Atlanta, Georgia 


HE introduction of antithyroid drugs into 
the treatment of hyperthyroidism has 
greatly improved the prognosis and course 
of patients with this disease. The earliest sub- 
stances used as antithyroid agents proved to be 
moderately toxic, but recently, with the intro- 
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Fic. 1. Structural formulas of thiouracil and methi- 
mazole. Dark portions represent the thiourea nucleus, 
which is probably responsible for antithyroid activity. 


duction of 6-n-propyl-2-thiouracil and 4-methy]l- 
2-thiouracil, the problem of toxicity has been 
greatly reduced. Both of the newer agents, how- 
ever, have proved to be toxic in a small number 
of cases'~® and the search for less dangerous 
materials continues. 

Stanley and Astwood® in 1947 screened thirty- 
two compounds for antithyroid activity and 
showed that the most potent material when 
tested in man was 2-mercaptoimidazole. Further 
studies of mercaptoimidazole derivatives showed 
that 1-methyl-2-mercaptoimidazole (methima- 
zole, ‘‘tapazole’’) is even more active, being ap- 
proximately 100 times as effective as thiouracil.’ 

The mercaptoimidazole group of goitrogens 
differs from the thiouracil group structurally in 
that the former possesses a five-member ring 
whereas the thiouracil ring has six atoms. The 
basic thiourea grouping, which is present in 
both molecules, is probably responsible for their 
activity. (Fig. 1.) The mode of action of the two 
types of goitrogens is therefore similar. 


The high potency of methimazole suggested 
that it might be less toxic than any of the other 
antithyroid medications since the required dose 
would be very much less than for the other sub- 
stances. Preliminary reports on the effects of the 
medication in hyperthyroidism looked promis- 
ing.*? A series of patients was therefore treated 
with methimazole and their response, course 
and toxic reactions evaluated. 


MATERIAL AND METHODS 


Thirty-five patients with proved hyperthyroid- 
ism were studied. (Table 1.) All of the patients 
at Grady Memorial Hospital in whom the 
diagnosis of hyperthyroidism was first made be- 
tween July, 1950, and April, 1951, were included 
in the study. The diagnosis of hyperthyroidism 
was based upon the clinical picture, the serum 
protein-bound iodine concentration (PBI) and, 
in many cases, on the basal metabolic rate and 
I'* uptake. The unreliability of the basal 
metabolic rate and the ready availability of the 
protein-bound iodine determination’? led us to 
rely more on the latter; however, it was never 
accepted blindly without adequate clinical evi- 
dence of toxicity in the form of tachycardia at 
rest, heat intolerance, weight loss or changes of 
the hair and skin texture. In most cases all of 
these changes were observed and in almost all 
instances a definite goiter was also palpable. 

In addition to this series a few patients were 
included from other hospitals. These patients 
were all seen personally by one of the authors, 
and the criteria for diagnosis were similar to 
those outlined for the Grady group. 

None of the patients studied in this series had 
been receiving any other antithyroid medication 
before the administration of methimazole was 
begun. One patient had received propylthiou- 


* From the Department of Medicine, Emory University School of Medicine, and the Medical Service, Grady Memorial 
Hospital, Atlanta, Ga. 
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racil one year previously but had eloped from 
the clinic and had received no medication for a 
year when methimazole was started. 


RESULTS 


Effect on Hyperthyroidism. Of the thirty-five 
patients treated with methimazole all but one 


the patients gained weight (from 4 to 36 pounds, 
average 15.5 pounds) except for eight patients 
who had been in congestive failure when treat- 
ment was started. In this group evaluation of 
weight changes was complicated by the presence 
of edema, which invariably disappeared during 
therapy. The weight change in the patients with 


TABLE I 
CLINICAL DATA PERTAINING TO THIRTY-FIVE PATIENTS TREATED WITH METHIMAZOLE 


. Initial PBI (micrograms.100 ml.)............... 
Enitial baesl- metabolic rate... . 


7. Maximum dose of methimazole 


8. Duration of therapy to euthyroidism............. 
9. Change during therapy (from initial observation to 


10. Final disposition of euthyroid group.............. 


* Mean + standard error of the mean. 


3 to 69 (avg. 39.6) 

12 males (34%) 

21 colored (60%) 

9.3 to 28.7 (avg. 15.5) 

+28 to +96 (avg. +58); test available in only 25 patients 


Euthyroid 33 
Improved but not yet euthyroid 1 
Dead 1 
Smooth Nodular 
goiters goiters 
10 mg./day 1 
20 mg./day 17 7 
30 mg. /day 4 
40 mg./day 3 2 
60 mg. /day 1 
Smooth goiters (26) 8.8 + 1.1 wk.* 
Nodular goiters (9) 8.2 + 2.2 wk 


2 
Weight +4 to +36 (avg. +15.5)f 
PBI —0.4 to —21.2 micrograms % (avg. 7.8 micrograms %) 
Pulse —10 to —55 (avg. 
Subtotal thyroidectomy 22 
Radioactive iodine 7 
Prolonged medical treatment 3 


+ Eight patients with congestive failure were omitted from these figures. 


showed dramatic improvement. (Table 1.) The 
single exception was a fifty-eight year old man 
with severe congestive heart failure, who died of 
his cardiac disease after less than one week of 
therapy. During this time his serum protein- 
bound iodine had dropped from 16.6 to 11.7 
micrograms/100 ml., indicating that he had 
begun to respond to the medication. 

The remaining thirty-four patients were 
evaluated critically at one-week intervals for 
three or four weeks and thereafter at two-week 
intervals. An attempt was made to estimate the 
time required for control of hyperthyroidism by 
determining the approximate date at which the 
patient first became ‘‘euthyroid.’’ Obviously 
such an estimate is subject to considerable 
error; but since the criteria for euthyroidism 
were standardized and the evaluations were 
performed by the same observers, it seems likely 
that they have a rough validity. It took from 
two to twenty-two weeks to control the toxic 
symptoms completely. During this time all of 
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heart disease varied from a loss of 15 pounds to 
a gain of 11 pounds. The pulse rate became less 
rapid in all patients. In those with normal cardiac 
function the heart rate was reduced from 10 to 
55 beats per minute (average 30); when con- 
gestive failure was present, the decrease was 
similar but its significance is difficult to evaluate 
because many of these patients also had auricu- 
lar fibrillation, and an accurate estimation of the 
mean pulse rate was difficult. 

Methimazole caused a rapid decrease in the 
serum protein-bound iodine. There was a poor 
correlation between the fall of PBI and clinical 
improvement of the patient. The reduction of 
PBI often occurred before the patient improved 
clinically, an observation which has been noted 
previously.!° The chief value of the PBI under 
these circumstances was to indicate that the 
circulating thyroid hormone concentration was 
kept within normal limits until the peripheral 
metabolism could fall to normal. By following 
the PBI it was possible to avoid the development 
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of myxedema, and clinical relapses could be 
predicted and prevented by observing a sudden 
rise of PBI before any change in the clinical 
status had occurred. During the course of 
therapy the PBI fell 0.4 to 21.2 micrograms/100 
ml. (average fall was 7.8 micrograms/100 ml.). 

Dose. The dosage of methimazole varied 
from 20 to 60 mg. per day, in divided doses of 
5 mg. Table 1 shows how the doses were dis- 
tributed. In general, a dose of 20 mg. per day 
was adequate; but if the PBI failed to show im- 
provement within a week or two, it was usually 
increased to 30 or 40 mg. per day. In only one 
case were 60 mg. per day given—to a woman 
whose response to 40 mg. per day for eleven 
weeks had been inadequate. Since this patient 
was rather uncooperative, it is not certain that 
she had actually been taking the prescribed dose. 
On admission to the hospital the dose was raised 
to 60 mg. and at this level she showed rapid im- 
provement and was ready for subtotal thy- 
roidectomy within a week. 

The patients with nodular goiter did not 
require any larger dose of methimazole or 
longer treatment than did the patients whose 
goiters were not nodular. (Table 1.) This is 
contrary to the experience with propylthiouracil, 
which has often proved to be relatively inef- 
fective in patients with large or nodular goiters. 

Toxicity. No toxic reactions were observed 
among the patients receiving methimazole. A 
specific search for leukopenia, agranulocytosis, 
fever and rash was made each time the patients 
were seen in the clinic. None of these complica- 
tions were observed In no case was it necessary 
to stop or reduce the dose because of toxic 
complications. 

In addition to the main series of patients, 
methimazole was also administered to two 
patients in whom toxic manifestations had 
previously developed while propylthiouracil 
was being received. In these cases methimazole 
was well tolerated. 


CASE REPORTS 


Case 1.* A sixty year old woman was ad- 
mitted with classical symptoms and signs of 
thyrotoxicosis complicated by congestive heart 
failure and rapid auricular fibrillation. She had 
a large, smooth goiter. Her basal metabolic rate 


was +85 and her serum PBI was 14.9 micro- 
grams/100 ml. 


* We are grateful to the staff of Piedmont Hospital, 
Atlanta, Ga., for permission to report this case. 


Treatment was started with 300 mg. propyl- 
thiouracil daily in divided doses. After one week 
of therapy a fever of 103°F. developed which 
persisted for a week and disappeared within 
twenty-four hours after stopping the propyl- 
thiouracil. The propylthiouracil was resumed 
two days later and the dose increased to 400 mg. 
per day without return of the fever. After three 
weeks of therapy the PBI was 15.9 micrograms/ 
100 ml. and the basal metabolic rate +75. The 
white count remained normal throughout. In 
the fourth week of treatment the patient was 
found to have a white count of 4,000 and propy]l- 
thiouracil was promptly discontinued. The next 
day a severe sore throat developed, with ulcera- 
tion of tonsils and palate. The temperature rose 
to 100.4°r. and the white count was found to be 
3,650, with 2 per cent mature segmenters, 4 per 
cent myelocytes and 4 per cent premyelocytes. 
The white count returned to normal after three 
weeks of supportive and antibiotic therapy but 
thyrotoxicosis became worse. At this time treat- 
ment with 5 mg. methimazole four times daily 
was started. Within five days the PBI had 
dropped to 10.7 micrograms/100 ml. One 
month later the hyperthyroidism was greatly im- 
proved, no granulocytopenia had developed and 
the patient was being prepared for thyroidectomy. 

Comment. In this patient large doses of pro- 
pylthiouracil failed to control the hyperthyroid- 
ism but did produce serious agranulocytosis. 
Methimazole produced prompt improvement 
of the thyrotoxicosis and failed to cause toxic 
symptoms. 

Case u.* This fifty-six year old farmer was 
admitted to the hospital because of a hemolytic 
streptococcus bacteremia which responded well 
to antibiotic therapy. On recovery it was appar- 
ent that he also had typical signs of hyperthy- 
roidism. The serum PBI was 16.4 micrograms 
/100 ml. and the BMR +68. Treatment was 
begun with 375 mg. propylthiouracil per day, 
and the dose was increased to 500 mg. per day 
nineteen days later. On the twenty-fourth day 
of therapy he began to spike daily fevers of 103° 
to 104°r. Blood cultures were sterile and peni- 
cillin failed to control the fever. The propyl- 
thiouracil was therefore stopped and the fever 
subsided within a few days. A second trial of 
propylthiouracil therapy was begun after the 
temperature had been normal for three days. 
After ten days of treatment the spiking fever 


* The staff of Lawson Veterans Hospital kindly sup- 
plied the clinical data. 


AMERICAN JOURNAL OF MEDICINE 


i 
x 
ont 
Py 
4 
Ser 
ex 
“ae 
= 
| 


Methimazole—Hallman, Bondy 727 


returned and continued for a week until propyl- 
thiouracil was discontinued. Five days later 
20 mg. of methimazole per day were started and 
continued without difficulty for a month, at 
which time his PBI was 6.4 and he appeared 


< .01).!? The dose of propylthiouracil ranged 
from 300 to 700 mg. per day—more than ten 
times the amount of methimazole required. 
There were two instances of leukopenia in the 


fifty cases, an incidence of 4 per cent of poten- 


TABLE Il 
CLINICAL DATA PERTAINING TO FIFTY PATIENTS TREATED WITH PROPYLTHIOURACIL IN 1948-1950 


nw 


* Standard error of the mean. 


euthyroid. He was then given a therapeutic 
dose of 10 mc./I?*. 

Comment. Drug fever developed twice when 
the patient was given propylthiouracil. He was 
able to take methimazole without difficulty and 
had an uneventful recovery. 

Potency Compared with Propylthiouracil. In view 
of the excellent effectiveness and apparent lack 
of toxicity of methimazole it seemed desirable to 
compare its potency with that of propylthiou- 
racil. With this in mind we have studied a group 
of fifty patients previously treated with propyl- 
thiouracil during the two years prior to the 
present series. These patients were selected at 
random from the files of the Grady Memorial 
Hospital endocrine clinic and represent a fair 
cross section of the clinic population suffering 
from hyperthyroidism observed from January, 
1948, to June, 1950. (Table u.) The propyl- 
thiouracil-treated group was examined to 
eliminate patients who received inadequate 
dosage of the drug (less than 300 mg. per day 
was considered inadequate)'! or who had suf- 
fered complications which might have inter- 
fered with a smooth convalescence under the 
influence of the goitrogen. Four cases were 
dropped; one because of inadequate dosage, one 
because of pregnancy and two because of 
agranulocytosis. 

Forty-four of the remaining forty-six patients 
became euthyroid after a course of treatment 
lasting six to 104 weeks (average thirty; stand- 
ard error 3.6). When this is compared with the 
duration of treatment for the methimazole- 
treated group (average 8.5 +0.9 weeks) the 
difference proves to be highly significant (p 
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. Duration of therapy until euthyroid state............ 


15 to 77 (avg. 40.3) 

13 males (26%) 

34 colored (68%) 

Less than 300 mg./day 1 


300 to 390 mg./day 16 
400 to 490 mg./day 20 
500 to 590 mg./day 5 
600 mg. or more/day 7 


ieee 6 to 104 wk. (avg. 30 + 3.6* wk.) 
Euthyroid 46 


Stopped therapy because of agranulocytosis 2 
Therapy incomplete 2 


tially serious toxicity, as compared with the 
complete absence of toxicity in the methimazole 
group. 

Ultimate Disposition of Treated Patients. Hyper- 
thyroid patients who have been brought to the 
euthyroid state can be carried on maintenance 
doses of antithyroid medication for prolonged 
periods in the hope that a permanent remission 
will occur; or they can be treated in a definitive 
manner by either subtotal thyroidectomy or 
irradiation with I'*!. It is the practice of this 
clinic to give almost all hyperthyroid patients 
some form of definitive therapy because the 
nature of the clinic population makes it inad- 
visable to embark on a course of therapy which 
may continue over a period of many months. Of 
the patients in this series, therefore, twenty-two 
have been subjected to subtotal thyroidectomy 
and nine have received radioactive iodine. Final 
disposition has not been determined for the 
remaining four patients. 

Effect on Morphology of Thyroids Removed at 
Operation.* Eighteen thyroid glands were avail- 
able for pathologic study. They varied in weight 
from 18 to 160 gm., the average weight being 
53 gm. Seven glands displayed a distinctly 
nodular architecture on gross examination. 

A minimum of five tissue blocks were pre- 
pared from each gland. Tissues were fixed in 
Zenker’s fluid with 5 per cent glacial acetic acid 
andjwere stained with phloxine and hematoxylin. 

The glands of fourteen patients showed 
histologic changes of active hyperplasia. In most 

* This section was prepared by Dr. Abner Golden, 


Pathologist of Emory University Hospital, who reviewed 
all of the histologic slides available on these patients. 
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areas the follicular epithelium had a tall 
columnar appearance; it occasionally projected 
into the follicular spaces as small papillary in- 
foldings. The nuclei were prominent and 
slightly pleomorphic, and mitotic figures were 
not infrequently encountered. Some nuclear 
fragmentation, cell degeneration and desquama- 
tion were apparent but these changes were un- 
accompanied by an inflammatory reaction. The 
follicles were generally decreased in size and 
contained pale staining, vacuolated or ‘“‘scal- 
loped”’ colloid. A distinct increase in stromal 
vascularity frequently occurred. 

The glands of four patients revealed marked 
involution, indicated by large colloid-filled 
follicles lined by flat or low cuboidal epithelial 
cells. Three of these patients had received pre- 
operative iodine therapy. None of the glands 
showed evidence of neoplastic change. 

The histologic findings of active glandular 
hyperplasia are entirely comparable to those 
described following the administration of thi- 
ouracil to patients in the euthyroid or hyper- 
thyroid states.'*:'4 

Effect of I'* Uptake. The patients who re- 
ceived radioactive iodine received no methima- 
zole for three days before the administration of 
I'*!, in accordance with the recommendations 
of Williams et al.'° Estimates of the percentage 
uptake of radioiodine were made in each case 
by direct counting over the neck, using a Geiger- 
Miller tube at 1 meter. The radioactivity over 
the neck was compared with the radioactivity 
of the therapeutic dose, counted before ad- 
ministration and extrapolated to twenty-four 
hours later on the I'* decay curve. * Measure- 
ments were made twenty-four hours after the 
administration of the therapeutic dose, which 
ranged from 4 to 8 mc. The uptake by methi- 
mazole-treated patients was 56 + 6.9 per cent 
(range 40 to 85 per cent), which is approxi- 
mately the same as that seen in hyperthyroid 
patients before treatment (>31; average 54) 
and is definitely higher than the normal value 
(range 7 to 35; average 21). It is thus apparent 
that preparation of the patient with methimazole 
prior to irradiation of the thyroid gland with 
radioactive iodine does not interfere with the 
uptake of the isotope, nor with successful irradia- 
tion of the gland. 


* The data pertaining to I'#! uptakes were generously 
supplied by Dr. Charles M. Huguley and Mr. William 
Miller of the Winship Clinic and Surgical Research 
Laboratory, Emory University, who also were re- 
sponsible for the treatment of these patients with I}%1, 


COMMENTS 


When a new drug is introduced for the treat- 
ment of hyperthyroidism, it must satisfy several 
criteria to justify acceptance. It should be less 
toxic than the medications already in use; it 
must be at least as effective; and it should not 
interfere with further therapeutic maneuvers 
such as subtotal thyroidectomy or irradiation 
with 

In the group of patients treated with methi- 
mazole no instance of toxicity has been observed; 
in two cases methimazole proved to be non-toxic 
in patients who had had reactions to propyl- 
thiouracil. The number of patients studied, 
however, is too small to justify a categorical 
statement that methimazole is non-toxic; indeed, 
it seems almost certain that when a sufficiently 
large number of patients have been treated with 
the drug, toxic manifestations will appear. On 
the basis of our experience, however, it seems 
unlikely that the incidence of toxic manifesta- 
tions will be as great as that found with propyl- 
thiouracil. One factor of importance in the low 
incidence of toxicity is probably the relatively 
small quantity of methimazole required to pro- 
duce a therapeutic response. Not only is the 
daily dose about one tenth as large as the mini- 
mum effective daily dose of other antithyroid 
compounds but also the response is so rapid 
that the period of treatment required to attain 
the euthyroid state can be shortened substan- 
tially. As a result, the patient is exposed to a 
smaller amount of medication for a shorter 
period of time than when propylthiouracil is 
used. 

The administration of methimazole is followed 
by a rapid improvement in the signs and symp- 
toms of hyperthyroidism. We have attempted 
to compare the rate of response to methimazole 
with the rate of response to propylthiouracil. 
Since the methimazole-treated group was not 
studied simultaneously with the propylthiouracil- 
treated patients, the two groups cannot be con- 
sidered completely comparable. Supervision of 
the methimazole group may have been some- 
what closer than of the propylthiouracil pa- 
tients, and other unrecognizable differences 
between the groups may have biased the results 
somewhat. In spite of these reservations .as to 
the validity of the comparison it still seems 
probable that the response to methimazole was 
more rapid than to propylthiouracil. Since the 
drugs act in a similar fashion, it is difficult to 
explain this difference. The factor limiting the 
rate of response of a thyrotoxic patient to an 
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agent blocking the formation of thyroxin should 
be the rate of destruction of thyroxin by the 
tissues and the rate of dissipation of the effects 
of the hormone. There is no evidence to suggest 
that either methimazole or propylthiouracil 
affects the peripheral metabolism of thyroxin. 
The simplest explanation of the discrepancy, 
therefore, is that methimazole blocked the for- 
mation of thyroxin more nearly completely than 
did propylthiouracil. The difference may merely 
be one of dosage; but if this is the case, the 
effectiveness of methimazole must be even more 
than ten times as great as propylthiouracil. 

It is a matter of considerable importance to 
be certain that an antithyroid drug does not 
complicate the task of the surgeon. For the most 
part, the patients operated upon in the present 
study received iodine for two or three weeks 
prior to operation. With this premedication the 
surgeons found the thyroids to be relatively easy 
to handle. Excessive vascularity and friability 
of the gland did not occur. In two cases opera- 
tion was carried out without prior iodine prepa- 
tion. In these cases the glands were somewhat 
friable and vascular, which discouraged the 
surgical staff from further attempts to operate 
without iodine medication. 

The use of goitrogens in preparation for the 
administration of I'* may not be necessary in 
every case. However, it is known that irradiation 
causes a temporary increase in the circulating 
thyroxin'® and that exacerbations of hyperthy- 
roidism have occasionally occurred following 
irradiation. This may make it desirable to bring 
the patient to an euthyroid state before irradiat- 
ing the gland, particularly when the patients in 
question have heart disease or are otherwise 
debilitated, as was the case in most of the 
patients who received I'*' in this series. It is 
therefore important to find that preparation of 
patients for radioiodine therapy with methi- 
mazole does not interfere with the effectiveness 
of this type of therapy. 


SUMMARY 


1-methyl-2-mercaptoimidazole (methimazole, 
“‘tapazole’’)* has been used in the treatment of 
thirty-five patients with hyperthyroidism. A 
good therapeutic response occurred in all cases. 
No toxic effects developed. Most patients re- 
sponded to a dose of 5 mg. four times daily; 
occasionally as much as 40 mg. per,day were 
given. The rate of response was significantly 

* Kindly supplied by Dr. D. C. Hines, Eli Lilly & 
Co., Indianapolis 6, Ind. 
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faster than for a group of fifty patients treated 
with propylthiouracil. Methimazole in com- 
bination with iodine provided satisfactory prepa- 
ration for subtotal thyroidectomy. The drug did 
not interfere with the uptake of radioactive 
iodine in therapeutic amounts. 

Methimazole (‘‘tapazole”) appears to be the 
antithyroid drug of choice at the present time. 
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Arteriosclerosis—Some Clinical Implications" 


WILLIAM Dock, M.D. 
Brooklyn, New York 


HE great upsurge of interest in and hope 

for the control of atherosclerosis should 

not blind the clinician to the fact that 
this is-only one facet of the problem of arterio- 
sclerosis, and that arteriosclerosis is only one 
factor in the loss of function encountered in an 
aging population. Since arteriosclerosis of vari- 
ous types has predilection for various sites, the 
emphasis in this discussion will be on local mani- 
festations and on the interplay between arterio- 
sclerosis and involutional changes of other sorts 
in leading to symptoms, signs and dysfunction. 


BRAIN 


When we observe cerebrovascular accidents 
occurring in subacute endocarditis and in auric- 
ular fibrillation in people under thirty years 
of age, we are impressed by the lack of change 
in personality, in spite of a chronic illness, 
progressive crippling and repeated insults to the 
brain. On the other hand, in people over fifty 
and especially in those over seventy, we are 
struck by the loss of interest, energy and judg- 
ment which so often follows small cerebrovascu- 
lar accidents. Alvarez,! in his contributions to 
the problem of “‘little strokes” with great deterio- 
ration in personality and with outstanding 
digestive or “‘neurotic’? complaints, has cited 
many of these instances in which repeated 
strokes, with negligible neurologic disturbance, 
caused bizarre and misdiagnosed illnesses. At 
autopsy the elderly subjects have disseminated 
cortical atrophy and dilated cerebral ventricles 
as a result of involutional changes, as well as 
focal softening or hemorrhage, while the young 
ones have only focal lesions. We conclude that 
when the brain is young and its neurone content 
high, cerebral accidents produce much less 
change in personality than when the brain is 
already atrophic from involutional loss of 
neurones. 

Avitaminosis, combined system disease and 


hypothyroidism are other factors which accentu- 
ate the functional effects of cerebral anoxic 
injury. In combined system disease and in 
cortical atrophy the Schmidt-Kety method 
reveals practically normal blood flow, with low 
Oz and glucose uptake.? Those factors which 
are reversible with therapy, or at least held in 
check while the patient adjusts himself to his 
disability, must always be in the clinician’s 
mind, along with the environmental stresses 
peculiar to aging, namely, retirement, loss of 
relatives and friends, declining buying power of 
fixed incomes, conflicts with children and 
aggressive young associates. Evaluation of the 
role of cerebral arteriosclerosis and of “little 
strokes” in the development of senile dementia 
and psychoneuroses is difficult even with a good 
history and a complete autopsy. During life we 
must not ascribe to cerebral vascular disease all 
the manifestations of cerebral aging, which may 
in part be reversible with Biz or other water- 
soluble vitamins, or greatly improved by cor- 


_recting the social environment and the attitude 


of relatives and associates. 

The cerebral arteries are subject to several 
types of sclerosis. The simplest is the intimal 
proliferation which occurs with syphilitic mes- 
arteritis or the periarteritis of diffuse vascular 
disease or of tuberculous meningitis. Any of 
these may predispose vessels in the meninges to 
thrombosis or to occlusion hastened by atheroma 
developing secondarily. Similar internal thick- 
ening and secondary atherosclerosis occurs in 
aneurysmal weakening of basal arteries on a 
congenital basis. In the small arteries in the 
brain substance calcific or cystic medial disease 
and endarterial proliferation follow cortical 
atrophy and predispose the vessels to minute 
atheromas and to rupture. Thus the cerebral 
involution which accentuates functional loss 
from small strokes also plays a part in the patho- 
genesis of the vascular disease which causes such 


* From the Department of Medicine, State University of New York, State University Medical Center at New York, 
Brooklyn, N. Y. 
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accidents. Familial tendency to cerebral arterio- 
sclerosis, rather than coronary disease, may 
be due in part to the pattern of cortical aging 
and in part to body build. Wilens has correlated 
low intracranial pressure, due to the upright 
posture and a relatively long spinal canal, with 
the relatively high ratio of cerebral to coronary 
accidents.® 


RETINA 


While the branches of the ophthalmic artery 
are not free from disease due to syphilis, tuber- 
cles or other inflammatory lesions, they suffer 
chiefly from “degenerative”? lesions associated 
with hypertension, nephritis and diabetes. 
Cystic degeneration of the retina may predispose 
to vascular disease in the same way as cortital 
atrophy, but for the most part aging normo- 
tensives show only tortuosity of the arteries, 
without focal vascular lesions. It is a curious 
fact that in uremia and hypertension associated 
with chronic pyelonephritis or congenital cystic 
disease of the kidneys retinal sclerosis is some- 
what less marked than in uremia due to glomer- 
ulonephritis. In some middle-aged uremics with 
these diseases the retina may be practically 
normal as it is in obstructive uropathies. When 
hypertension or diabetes precedes proteinuria 
by several years, retinal vascular disease is nearly 
always severe when urea retention is marked. 
The retina, like the kidney, has a high rate of 
blood flow per gram of functioning tissue, and 
in diabetes both organs show lesions far out in 
the arteriolar system, or even in the capillaries 
and juxtacapillary venules. In toxemia of 
pregnancy and malignant sclerosis the arterial 
component in the retina is complicated by 
papilledema and venous engorgement due to 
high intracranial pressure. 


KIDNEYS 


Three types of arteriosclerosis are manifested 
in the renal arterial bed, namely, reduplication 
of the medial elastica, atherosclerosis and re- 
generative intimal thickening due to atrophy 
or to adjacent foci of inflammation. In chronic 
pyelonephritis, glomerulonephritis, periarteritis 
and disseminated lupus all three processes are 
at work simultaneously in most of our patients, 
and we must go to the Orient or Central Africa 
to study these conditions uncomplicated by 
atherosclerosis. —The speed with which renal 
failure develops after the acute inflammatory 
process is spent depends to a large degree on the 
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rate at which atherosclerosis develops. This in 
turn depends on the degree of hypertension and 
alteration in plasma lipids. In the kidney, as in 
the retina, occlusive lesions of the main arterial 
trunks are rare, and disseminated sclerotic 
lesions, combining two or more of the types 
mentioned, affect the arterioles all the way into 
the glomerulus and, in diabetics with Kimmel- 
stiel-Wilson syndrome, even into the glomerular 
capillaries. 

In pyelonephritis the severity of disease may 
vary greatly from one lobule to another, but in 
other forms of Bright’s disease a single needle 
biopsy of the cortex gives an excellent sample 
of the whole cortex.‘ Obtaining such samples 
involves less discomfort or risk than biopsy of 
the liver, so that the kidney can now be studied 
histologically and functionally more accurately 
and safely than any other organ save the skin. 
Our knowledge of the evolution of renal vascular 
disease and of its control by therapy is therefore 
certain to be more precise than that of other 
organs. Since its atheromatous lesions closely 
parallel those of the retina, careful study of 
either organ will enrich our understanding of 
disease in the other. This will be particularly 
valuable in following the effects of lowering 
arterial hypertension, since the role of elevated 
pressure in initiating or aggravating athero- 
sclerosis is still disputed. 

Because parenchymal atrophy and _ failing 
efficiency of enzyme systems occur in the renal 
tubules with aging even when vascular disease 
is minimal, the fixation of specific gravity of 
urine and decline in maximal rate of para- 
amino hippurate excretion with old age cannot 
be taken as accurate measures of functional 
impairment due to arteriosclerosis. Nor does 
the most precise study of urinary sediment pro- 
vide decisive information on the relative im- 
portance of arteriosclerosis and of continuing 
glomerulitis in cases of chronic glomerulonephri- 
tis with hypertension. While the clinical manage- 
ment of these cases does not depend on such 
evaluations, there can be no doubt that under- 
standing of the course of the disease in each 
individual will be enlarged by careful study of 
serial cortical biopsies. 


HEART 


The coronary system presents problems the 
reverse of those encountered in the previous sec- 
tions. Arteriolar sclerosis is practically non- 
existent even in malignant phases of hyperten- 
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sion. Inflammatory disease is a rare cause of 
internal thickening or thrombosis. Syphilis 
rarely extends beyond the ostia. Coronary 
atherosclerosis of the large branches lying in the 
epicardium is almost the only type of ‘“‘arterio- 
sclerotic heart disease,’ a term which should be 
abandoned and replaced by coronary sclerosis, 
coronary insufficiency or myocardial infarction. 
Even in the epicardial arteries the smaller 
branches are much less severely diseased than 
the main trunks. 

Although coronary atherosclerosis and in- 
sufficiency are all too frequent, they have been 
blamed for many conditions for which they are 
not responsible. As in the brain, functional 
failure of the heart is often ascribed to vascular 
disease or to the myocardium outgrowing the 
coronary supply, when the real fault is an in- 
volutional or metabolic defect. The coronary 
blood flow studies of Bing®® and Goodale 
have confirmed the postmortem perfusion studies 
of Dock’ and of Dresdale.* In cardiac hyper- 
trophy and even in heart failure, blood flow per 
100 gm. of ventricle per minute remains within 
the normal range; and if chronic anemia is 
present, the coronary flow, even in large failing 
hearts, may be far greater than normal, as is the 
perfusibility postmortem.® Insufficiency of cor- 
onary flow can be due only to coronary 
atherosclerosis, arteritis or embolism, or to low 
perfusion pressure. The latter occurs in the con- 
genital displacement of coronary ostia into the 
pulmonary artery and in diastolic hypotension. 
When this is chronic, as in aortic insufficiency, 
coronary hyperplasia may provide normal 
coronary flow even for a greatly hypertrophied 
heart.® 

When myocardial infarction strikes elderly 
subjects, congestive heart failure not infrequently 
occurs acutely or within a few months. Experi- 
ence with infarction in young soldiers proved 
that heart failure was extremely rare, acutely 
or after recovery from large infarcts. In the 
heart, as in the brain and kidney, involutional 
changes prepare the way for organic failure 
with vascular accidents which, in young people, 
would be the cause of transient and trivial dys- 
functions. Since the heart, like the brain, is 
subject to metabolic injury from poor diet, and 
this happens more often in poor old people than 
in others, what is called ‘“‘arteriosclerotic 
disease’ not infrequently proves to be greatly 
benefited by a diet adequate in protein and 
water-soluble vitamin, especially thiamine. ‘‘Ar- 


teriosclerotic,”’ that is, coronary heart disease, 
can be evaluated only when anemia, Graves’ 
disease and malnutrition have been corrected. 
Involutional change in myocardial function 
seems to be particularly susceptible to correction 
by digitalis which does not improve coronary 
flow, but an exact estimation of this element in 
heart failure can scarcely be made even after 
autopsy and the most meticulous clinical study. 

Since atherosclerosis of the main coronary 
arteries may be advanced in normotensive young 
men who have no other visible atheromas, local 
factors, and notably the great thickness of the 
intima here as contrasted with the myocardial 
coronary twigs and other arteries of similar size, 
seem to be paramount. Without this, the meta- 
bolic disturbance shown by the plasma lipid 
pattern might only cause asymptomatic aortic 
lesions years or decades later. Family differences 
and even sex differences in the size, number and 
distribution of coronary intimal cushions at 
birth, and in the diffuse intimal thickening 
limited to the epicardial branches even in 
senescence, may explain some of the features of 
this form of atherosclerosis. Today this ‘‘middle- 
aged tax-payer’s friend” has replaced pneu- 
monia, the ‘‘old man’s friend” in Sir William 
Osler’s day, as Captain of the Men of Death. 

The electrocardiograph, and more recently 
the ballistocardiograph, have been of great value 
in detecting and evaluating coronary disease 
after it has caused mild symptoms or even before 
symptoms have occurred. Figure 1 is based on 
data collected by Drs. H. and R. Mandelbaum 
on people free of symptoms and signs (including 
electrocardiographic changes) of cardiovascular 
disease. It shows how the incidence of ballisto- 
cardiographic abnormality in such subjects 
parallels the incidence of 3+ coronary sclerosis 
in a large series of miscellaneous autopsies. 
Starr® had already reported the high incidence 
of later coronary accidents among normal sub- 
jects with abnormal ballistic patterns. Such a 
method may help in selecting patients who might 
benefit from studies of plasma lipids and attempts 
at modifying abnormal patterns of lipid content 
of the blood. 


LEGS 


Vascular disease of the legs is far more striking 
in the veins than in the arteries but the latter 
show far more sclerosis than do the correspond- 
ing arteries in the arms and hands. The legs are 
colder, the arteries dilate less when metabolism 
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rises, and blushing stops above the waistline. 
While these facts may be related to crural sus- 
ceptibility to both atherosclerosis and medial 
calcification, it seems probable that the greatest 
factor is a difference in arterial pressure. The 
pulse pressure and systolic pressure rise as the 
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shows that involution of joints and the nervous 
system has greatly increased the effort of walk- 
ing, intermittent limp, like angina of effort, is 
due largely to vascular disease not involution. 
While angina is usually associated with pure 
atherosclerosis, intermittent limp is often a 
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Fic. 1. The crosses show the incidence of 3+ coronary disease disclosed at 
autopsy at the Mayo Clinic in a miscellaneous group of patients.'!! The black 
areas show percentage of maximal, the cross-hatched areas the percentage of 
marked, and the stippled areas the percentage of definite abnormality in bal- 
listocardiograms of supposedly normal subjects (H. and R. Mandelbaum). 
The inflection on all curves in males at fifty-five years presumably is due to 
deaths from coronary disease exceeding rate of development of atheromas. 
The curves of severe and marked abnormality parallel the curves of incidence 
of coronary sclerosis although these are very different in men and women. The 
relatively great rise in minimal abnormality in older men and women prob- 
ably is due to poor physical training and obesity. 


pulse wave goes down the aorta. Even in 


recumbency, pressure is higher in the legs than 


in the arms. Erect posture adds many centi- 
meters of hydrostatic pressure (although never 
as much as the elevation of the heart above the 
vessel). Except in diabetics and a small group 
of heavy smokers, arteriosclerosis of the legs 
rarely causes symptoms before the age of fifty, 
but calcification in the femoral and _ tibial 
arteries may be demonstrated by x-ray for 
decades without symptoms. Presumably this is 
due to Ménckeberg’s type of medial calcification 
which does not encroach on the lumen. Athero- 
sclerosis involves both large and minute arteries 
in the legs, but arteriolar disease is limited to 
inflamed regions. These occur in a small per- 
centage of heavy smokers, who have thrombo- 
angiitis obliterans, and also secondarily to 
varices or to chronic edema in heart disease and 
cirrhosis. 

Although the hobbling gait of many old people 
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result of mixed vascular lesions. An effective 
method of controlling atherosclerosis probably 
would greatly reduce the vascular disease of the 
legs of diabetics but would still leave a group of 
patients with limp or gangrene due to angiitis 
and other vascular disorders. 


AORTIC, ILIAC AND SPLANCHNIC ARTERIES 


In the aortic, splenic, carotid and temporal 
arteries we can observe the most frequent form 
of arteriosclerosis, a form closely related to the 
venous involution which causes varices. This is 
called fibrosis with ectasia. Elastic and muscular 
elements atrophy, collagen increases and the 
loss of distensibility is compensated by dilatation 
and increase in length. The resulting tortuosity 
and the dilatation are evident on the temples 
of many men before they are thirty, and in the 
chest films of some middle-aged or aged people 
the aortic tortuosity and dilatation mimics that 
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due to syphilis. A striking difference is that 
secondary atherosclerosis and calcification, which 
often occurs in the ascending part of the aorta 
with syphilis, is rarely seen proximal to the 
aortic knob, on the descending limb of the arch, 
in the other group. In women, and in men with 
coarctation of the aorta, tortuosity of the com- 
mon carotid or innominate arteries may also 
cause pseudo-aneurysms. In women, too, ex- 
treme tortuosity of the abdominal aorta is more 
frequent than in men. There is little evidence 
that these involutional changes greatly alter the 
rate of atherosclerosis or cause other vascular 
lesions or organic disease. 

As men age, at least in North America, there 
is an increasing calcium content of the media, 
especially in the abdominal part of the aorta, 
but true medial sclerosis rarely involves the 
aorta, carotids or large splanchnic arteries. 
Cystic degeneration and necrosis, the precursor 
of sudden medial separation (dissecting aneu- 
rysm), also is a rare disorder, having a signifi- 
cant occurrence only in severe hypothyroidism 
combined with severe hypertension. 

Atherosclerosis affects the arterioles of the 
adrenal glands, pancreas and, to a lesser degree, 
those of the gastrointestinal tract and liver only 
in severe hypertensive and diabetic vascular 
disease. Splenic arterioles also are affected and 
show intimal hyaline in many elderly people. 
But in the splanchnic bed the large arteries 
rarely show atherosclerosis comparable to that 
of the coronaries. This is nearly always associ- 
ated with severe atherosclerotic ulceration and 
calcification of the aorta. In elderly patients, 
usually women, chronic post-prandial distress 
(abdominal angina) may be due to severe 
sclerosis of branches of the celiac axis. Occa- 
sionally fatal retroperitoneal hemorrhage occurs 
as a result of ulceration of abdominal aortic or 
iliac atheromas. Similar hemorrhages may also 
occur from rupture of aneurysms of renal 
arteries, especially on the right side. The differ- 
ential diagnosis is important since surgical treat- 
ment is more likely to succeed with the renal 
arterial lesion. The use of roentgen-opaque 
media, injected by a needle inserted into the 
aorta through the left flank, may serve to demon- 
strate such aneurysms of the renal artery. In 
retroperitoneal hemorrhage from either type 
of lesion, pain and paralytic ileus are prominent 
features, and discoloration of the scrotum or 
vulva and abdominal wall may develop within 
a day. 
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GENERAL CONSIDERATION ON PATHOGENESIS 
AND CONTROL 


It is now generally recognized that arterio- 
sclerosis rarely causes trouble in normotensives 
before the age of fifty unless the heart or the legs 
are involved, and in such cases a disturbed cho- 
lesterol-phospholipid balance is usually demon- 
strable. As patients age the ratio of lesions in the 
brain and in the aorta rises and the cholesterol- 
phospholipid levels approximate those of people 
who have minimal sclerosis. Diet and defects of 
metabolism appear to be of much less signifi- 
cance in atherosclerosis manifest after sixty-five 
years of age than in that evident before fifty. 

Excessive smoking has been noted in a higher 
percentage of those suffering coronary accidents 
before fifty than in control populations, and the 
reduced life expectancy of smokers established 
by Pearl must in large part be related to the very 
striking actions of nicotine on the cardiovascular 
system.!° Ballistocardiographic changes equiva- 
lent to those of coronary disease occur in a few 
normal young smokers for many minutes after 
a cigarette, and seem to reveal poor habituation 
to tobacco. Severe electrocardiographic changes 
occur much more rarely from smoking. It may 
be safely stated that smoking is a definite factor 
in some cases of arteriosclerosis of the legs, 
probably contributes to coronary disease, and 
is almost a negligible factor in retinal, renal and 
cerebral arteriosclerosis. There is no evidence 
whatever that alcohol or any other agent abol- 
ishes the effect of smoking on the circulation.!° 


ARTERIOSCLEROSIS AND SMOKING 


While there is a growing body of evidence that 
exogenous (dietary) cholesterol forms the bulk 
of the atheromatous deposits in cholesterol-fed 
rabbits,!° and that dietary cholesterol as well as 
fat is a matter of some importance to individuals 
who develop coronary disease, there is far less 
evidence that smoking is an important factor in 
the rate of evolution of atheroma. This evidence 
has recently been summarized by Roth.!! 

The effects of tobacco are apparent as vaso- 
constriction in the extremities of all subjects, 
minor changes in the ballistocardiogram in one- 
third and in the electrocardiogram in one-half 
of normal subjects. Marked changes in the 
ballistocardiogram occur in over 5 per cent, in 
the electrocardiogram in less than 1 per cent. 
The cumulative effects of such changes probably 
contribute to the reduced life expectancy of 
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smokers reported by Pearl! but a far greater 
contribution to that mortality may be due to 
effects on the respiratory system. Not only cancer 
of the lung but chronic sinusitis, chronic bron- 
chitis, emphysema and reduced resistance to 
pneumonic infection could be cited. Hence, 
while the physician can advise the inquiring 
patient with vascular disease of the leg that 
smoking will surely curtail blood flow in the 
diseased tissue, he cannot be dogmatic about the 
hazard to the patient with angina or coronary 
disease. Modern technics make possible detec- 
tion of those whose cardiac function shows no 
disturbance and others who show striking 
deterioration. Objective proof of no effect is 
reassuring, and evidence of actual impairment 
of function due to half a cigarette may help a 
patient to give up this habit. 


SUMMARY 


Atherosclerotic accidents to the coronary 
circulation begin at an age when myocardial 
function is sound and in subjects of this age 
rarely cause heart failure. At older ages, how- 
ever, the net effect of coronary disease and of 
myocardial involution is a steady rise in 
the incidence of heart failure with coronary 
atherosclerosis. 

Arteriosclerotic accidents in the brain are 
infrequent prior to the age at which disseminated 
cortical atrophy, an involutional loss of neurones, 
usually begins to reduce mental acuity and 
memory. In nearly all cases in which personality 
changes follow cerebrovascular accidents involu- 
tional change is an important factor in reducing 
ability to resist injury. In some elderly subjects 
this is further complicated by inadequate supply 
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of water soluble vitamins, including Bj., so 
that a priort assumption that all deterioration in 
mentation and emotional adjustment of oldsters 
is due to arteriosclerosis is not merely erroneous 
but harmful, since it eliminates from proper 
therapy many whose condition can be improved. 
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Diet and Lipotropic Agents 
in Arteriosclerosis™ 


Jack D. Davipson, 
New York, New York 


HE use of low cholesterol diets and the 

administration of various lipotropic com- 

pounds are two types of therapy that have 
been advocated in recent years for the treatment 
of arteriosclerosis. ‘This paper attempts to review 
the evidence for their value. 

Both of these treatments are predicated upon 
the hypothesis that arteriosclercsis is due to a 
disorder of lipid metabolism which results in 
the deposition of lipids in the arterial wall as a 
principal factor in the formation of the lesion. 
The evidence for this hypothesis has been pre- 
sented in prior articles in this symposium.!~* 
The low cholesterol diet is intended to cut down 
the supply of the most characteristic lipid of the 
lesion, while the use of lipotropic agents is 
directed at mobilization and removal of the 
lipids from the lesions. The two therapeutic 
measures can be evaluated on the basis of: 
(1) their theoretic mode of action, (2) their 
effects in experimental arteriosclerosis in ani- 
mals and (3) a limited amount of data reported 
on their clinical application. 


EFFECT OF LOW CHOLESTEROL DIETS 


Theoretic Basis. ‘The low cholesterol diet off- 
hand seems a reasonable approach to prevention 
of cholesterol deposition in the arterial walls. 
Recent studies in cholesterol metabolism indi- 
cate, however, that a large amount of this sub- 
stance is synthesized by the body from small 
molecules available from fat, protein or carbo- 
hydrate. Gould? has shown that dietary cho- 
lesterol depresses endogenous cholesterol synthe- 
sis in animals, a finding which may imply the 
converse, that if dietary intake is insufficient 
cholesterol synthesis will be increased. Although 
all three basic types of food can supply the 


small molecules for cholesterol synthesis, fats 
seem to be most efficiently converted and this 
provides a rationale for restriction of all fats as 
well as cholesterol in the dietary treatment of 
arteriosclerosis. 

Animal Experiments. There is not much direct 
evidence from animal experiments for or against 
the low fat, low cholesterol diet. Horlick et al.4 
found that low fat diets did inhibit the spon- 
taneous arteriosclerosis which occurs in chickens. 
Most experimental arteriosclerosis is produced 
in chickens, rabbits and dogs by feeding high 
cholesterol diets. This precludes studies of low 
fat, low cholesterol diet but can itself be taken as 
indirect support for the value of low cholesterol 
diets. It is also true that upon return to normal 
diets these animals all show regression of their 
arteriosclerotic lesions.”*** Equally indirect is 
the finding that inadequate caloric intake has 
an inhibiting effect upon the production of this 
type of experimental arteriosclerosis, possibly 
mediated by depletion of the pool of precursors 
for cholesterol synthesis.’ 

Clinical Studies. There is more support for 
low fat, low cholesterol diets from clinical studies. 
Thus statistical surveys of various segments of 
the population indicate that there is a higher 
incidence of arteriosclerosis in those groups 
whose diet is inherently richer in fats and cho- 
lesterol than in groups whose diets are poor in 
fats and cholesterol.*~1! These studies, however, 
are open to criticism because the groups com- 
pared differ in other significant but uncon- 
trolled factors such as heredity, nutritional status 
and differing age distribution. Nutritional status 
was studied by Wilens*:!” in a series of autopsies. 
He found increased arteriosclerosis in obese in- 
dividuals and less than the average incidence in 


* From the Research Service, First (Columbia) Division, Goldwater Memorial Hospital, Department of Hospitals, 
New York City and the Department of Medicine, College of Physicians and Surgeons, Columbia University, New York. 
Aided by grants from the National Heart Institute, The Public Health Institute of the City of New York and the Albert 


and Mary Lasker Foundation. 


t Present address: Francis Delafield Hospital, New York, N. Y. 


736 AMERICAN JOURNAL OF MEDICINE 


~ 
¥ 
4 
4, 
= 
L 
; 
Kine 
€ 


Diet and Lipotropic Agents in Arteriosclerosis— Davidson 737 


people who were below average weight. Age 
has a recognized correlation with arteriosclerosis 
so that in groups in which life expectancy is low 
due to infectious diseases fewer individuals 
survive to the age at which arteriosclerosis 
becomes common. 

More reliable data are available from studies 
of people experimentally placed on low cho- 
lesterol, low fat diets. Morrison’? reported a 
direct influence of diet on arteriosclerosis in 
terms of diminished mortality in a group on a 
diet containing 25 gm. of fat as compared with 
a control group on a normal diet. Although his 
figures are statistically significant, the number 
of deaths involved is rather small and the work 
should be extended. There is also some question 
from the reports'* as to whether these patients 
were not also receiving choline. 

The ultimate in low cholesterol, low fat diets 
was used by Kempner” in his rice diet study. 
His diet contained no cholesterol and less than 
5 per cent fat. Studying hypertensive cardio- 
vascular disease principally, he found that in 
363 patients with initial serum cholesterol levels 
over 220 mg. per cent there was an average drop 
of 74 mg. per cent after treatment with the rice 
diet; 148 patients with initial serum cholesterols 
below 220 mg. per cent showed an average 
decline of only 15 mg. per cent on the rice diet. 
Starke!® subsequently presented data on 154 of 
Kempner’s patients in greater detail, coming to 
the same conclusion. Watkin et al.!” at this in- 
stitution independently studied Kempner’s rice 
diet and found that thirty-five of forty-one 
patients showed a lowering of serum cholesterol 
while on the rice diet, the average decline being 
40 mg. per cent. Their data included the frequent 
cholesterol determinations necessary to average 
out random fluctuations. They also followed 
the weight of each patient, indicating that the 
observed fall in serum cholesterol was attribut- 
able to the qualitative nature of the diet and not 
to starvation. Mellinkoff, Machella and Rein- 
hold'* noted a fall in serum cholesterol averaging 
85 mg. per cent in fourteen patients with intesti- 
nal disease when treated with a protein hydro- 
lysate and dextri-maltose preparation that was 
low in fat. This fall they attributed to the low 
fat therapy but this is somewhat questionable 
due to the patients’ underlying diseases. Hildreth, 
Malinkoff, Blair and Hildreth'® have recently 
reported a closely controlled study of fat restric- 
tion in three healthy subjects. Reduction of the 
dietary fat from their normal levels of 97, 114 
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and 138 gm. to 9, 10 and 62 gm., respectively, 
in these three subjects caused serum cholesterol 
declines of about 45 mg. per cent in each case. 
Restoration of pure vegetable oil to the diets 
produced significant rises in the serum cholesterol 
levels, proving the necessity for fat as well as 
cholesterol restriction. Other studies of diet in 
relation to serum cholesterol level were made 
by Wilkinson, Blecha and Reimer?’ and by 
Gertler, Garn and White! in which a higher 
minimum level of fat and cholesterol intake 
existed and little or no apparent effect upon the 
serum cholesterol level was noted. 

It, therefore, seems likely, as Keyes et al.?? 
have pointed out, that the blood cholesterol level 
is independent of intake over a wide range of 
cholesterol in the diet but that as the intake 
approaches ‘“‘zero,” which they believe to be 
probably less than 200 mg. per day, the blood 
level does decline. It also seems established that 
to achieve significant lowering of serum cho- 
lesterol the diet must not only be extremely low 
in cholesterol but must also be restricted 
markedly in all fats. The addition of vegetable 
fat to such diets low in cholesterol results in a 
rise in the serum cholesterol level toward the 
pre-diet level. With really low cholesterol, low 
fat diets the serum cholesterol can be reduced 
by 40 to 80 mg. per cent in most patients and 
particularly in patients who have hypercho- 
lesterolemia. The ultimate value of this degree 
of serum cholesterol reduction in the therapy 
or prevention of arteriosclerosis remains to be 
determined. 

In addition to studies on the effects of diet on 
arteriosclerosis mortality and serum cholesterol 
level, there is the work of Gofman et al.?* on the 
quite striking influence of a low cholesterol, low 
fat diet upon the level of the S; 12-20 lipoprotein 
fraction of serum. In a previous article in this 
series? Jones et al. described the correlation 
between the level of S; 12-20 lipoprotein of 
human serum and arteriosclerosis. They found 
that a diet of less than 50 gm. of fat and 200 mg. 
cholesterol evoked a fall in the S; 12-20 lipo- 
protein concentration in the serum of most 
patients. They reported that in fifty-six patients 
with S; 12-20 concentrations above 80 mg. per 
cent, who were allegedly on this diet for a year 
after a myocardial infarction, there were no 
recurrent infarctions among the fourteen pa- 
tients who showed a fall in their S; 12-20 lipo- 
proteins whereas sixteen recurrent infarctions 
occurred in the forty-two patients whose S; 12-20 
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level remained above 80 mg. per cent. Un- 
fortunately this study does not indicate the effect 
of the diet upon recurrent myocardial infarction 
directly since the authors used the trend of the 
S; 12-20 level as their index of degree of ad- 
herence to the diet. 

In contrast to Gofman’s observations, a 
preliminary report of the S; 10-20 lipoproteins 
of patients on the rice diet by Hatch and Ken- 
dall** states that this drastic diet resulted in 
substantial increases in the S; 10-20 level in 
three patients, no change in three, and a de- 
crease in only one. This is not discordant with 
Gofman’s findings because the rice diet is much 
lower in fat than that studied by Gofman, and 
differs significantly in protein content as well. 
This rice diet effect is being studied further. 


EFFECT OF LIPOTROPIC AGENTS 


The case for or against the use of lipotropic 
agents in arteriosclerosis is much less clear and 
the available data are conflicting. Some of 
the conflicts are the result of inadequate knowl- 
edge at the time of early work and can now be 
resolved in the light of more recent findings. 
Some of the reports, however, seem to be based 
upon inadequate observations. 

Theoretic Basis. The theoretic basis for the 
application of lipotropic agents to the manage- 
ment of arteriosclerosis is twofold, their lipo- 
tropic action and the fact that some are phos- 
pholipid components. Their use was suggested 
initially by the gross similarity of the fatty 
deposits in arteriosclerosis to those in fatty livers, 
which had just been reported responsive to 
substances now known as “‘lipotropic agents.”’ 
This analogy is very superficial. The phrase 
“fatty liver’? covers a number of different types 
of lipid infiltration of the liver arising from 
multiple causes. None of these lipid deposits 
are very similar chemically or histologically to 
the lesions of arteriosclerosis. This reasoning by 
analogy is even more faulty because the lipo- 
tropic agents are not uniformly effective against 
all fatty livers. Some types of fatty liver respond, 
others do not. 

The lipotropic agents comprise five chemical 
compounds: choline, methionine, betaine, ino- 
sitol and 6-propiothetin.*® The last can be dis- 
missed in that it is thus far known to occur in 
seaweed, is unstudied in foods, and has not been 
applied to arteriosclerosis. The first three are 
interrelated in that methionine and betaine act 
by providing labile methyl groups for the syn- 


thesis of choline.*® Chemically, inositol stands 
in a class by itself, apparently unrelated to 
choline. A number of more complex substances 
have lipotropic activity by virtue of their choline 
content or their ready conversion to this com- 
pound. Thus lecithins, for example those derived 
from soy beans or egg yolk, yield choline upon 
hydrolysis. Proteins are lipotropic due to their 
methionine content, which in turn gives rise to 
choline. Lipocaic from pancreas is still too 
indeterminate for consideration.”” This leaves 
just two compounds to be evaluated, choline 
and inositol. 

Choline was the first compound shown to 
have lipotropic activity. This was accomplished 
by Best in 193278 when he recognized it as the 
active component in lecithin. It is effective in 
removing fat from livers made fatty by choline 
deficient diets or by high fat diets but not from 
fatty livers produced by carbon tetrachloride or 
phosphorus.”* It is therefore not a universally 
effective lipotropic agent for fatty livers, to say 
nothing of arteries. Gavin and McHenry re- 
ported a curative action of inositol upon fatty 
livers arising from high fat diets.*® There is still 
some controversy over its general effectiveness 
and whether it does anything that choline does 
not.*!:*? Initially, it was believed to have some 
specificity for the cholesterol type of fatty liver 
but Best®®*? recently has evaluated it carefully 
and now believes that inositol does nothing that 
choline will not do except in very short (less than 
two weeks) experiments. It is not as strongly 
lipotropic in maximally effective doses, and is 
completely ineffective if fat is present to the 
extent of over 2 per cent in the diet. Most of the 
confusion in the past was apparently due to 
chance biologic variation when small numbers 
of animals were used, and to different effects 
dependent upon the duration of experiments and 
variation in the diets used by several investi- 
gators. In general, the specificity of action of 
lipotropic compounds for certain types of fatty 
livers and the conditions necessary for demon- 
stration of their activity even in livers leave little 
theoretic basis for their use in the prevention or 
treatment of arteriosclerosis. 

The second theoretic basis for the use of 
choline in arteriosclerosis came later when the 
probable importance of the phospholipids in 
the pathogenesis of the disease became appar- 
ent.” There is increasing evidence to indicate 
that the ratio of serum phospholipids to serum 
cholesterol may be more important than the 
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level of the serum cholesterol alone. If the serum 
phospholipids are involved in the prevention of 
arteriosclerosis, certainly choline and possibly 
inositol might act favorably by providing com- 
ponents of the phospholipids and thereby con- 
tributing to a desirable high level of these lipids. 
There is in this a reasonable rationale for testing 
these substances in the therapy or prophylaxis 
of arteriosclerosis, regardless of any considera- 
tion of lipotropic activity demonstrable in the 
liver. 

Animal Experiments. Quite a large number of 
studies have been made of the effects of various 
lipotropic agents upon experimental arterio- 
sclerosis in animals, since in such experiments 
it is possible to determine the degree of arterio- 
sclerosis at autopsy as well as to study the effect 
on serum cholesterol levels. Rabbits, chickens 
and dogs have been used, the majority of pub- 
lished reports relating to rabbit experiments. 
With both rabbits and chickens there have been 
conflicting conclusions as to the effectiveness of 
the substances tested. The number of reports in 
favor of the lipotropic agents exceeds the un- 
favorable reports but this is a misleading index 
of results because of the reluctance and lack of 
interest of many investigators in publishing their 
negative experiments. Critical analysis of the 
published reports reveals that many of them 
must be rejected as inconclusive for various 
reasons. 

Experimental arteriosclerosis, as produced in 
rabbits by cholesterol feeding, is subject to a 
large number of factors which influence the 
incidence and severity of the lesions. It is now 
recognized that even with all known variables 
controlled there is such marked biologic varia- 
tion in experimental arteriosclerosis in rabbits 
that it is hazardous to use less than about twenty 
animals for each test regimen, with an equal 
number of control experiments limited to feeding 
the same quantity of cholesterol alone.** In 
setting up an experiment the control and test 
groups should be of identical strain, sex dis- 
tribution, age and weight. They should be 
carried on experiment simultaneously for the 
same length of time. Frequent serum cholesterol 
determinations should be made and the rates 
of weight gain should be followed. Neglect of 
any one of these requirements in the evaluation 
of a drug in the prevention or cure of experi- 
mental arteriosclerosis in rabbits leaves the 
results of the experiment open to question. The 
requirements of strain or heredity control is 
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fundamental. Age has been shown**:** to be an 
important factor in determining the ease with 
which arteriosclerosis can be produced in rab- 
bits. Sex has been noted to play a role in that 
some male rabbits seem to be rather refractory 
to the development of hypercholesterolemia and 
arteriosclerosis on this regimen.*® The initial 
weight and the rate of weight gain during the 
experiment are recognized as having an ap- 
preciable influence upon the arteriosclerosis.’:*” 
The thriving, weight-gaining rabbits seem to 
develop more arterial lesions than their lean 
brethren. The necessity for simultaneous con- 
trols cannot be emphasized too strongly, a 
requirement that is frequently neglected because 
it requires more in the way of facilities and per- 
sonnel. There is also the temptation to use a 
single control group for comparison with several 
successive test groups. In our own laboratory 
we have seen strictly comparable control groups 
of rabbits in successive years show signifi- 
cant differences in the incidence and severity 
of arteriosclerosis. This is most pronounced if 
the seasons happen to differ, because rabbits do 
not do well in summer. Contemporary controls 
in the same animal quarters also serve as a check 
on such intangible variables as differences in 
commercial food lots and unrecognized inter- 
current disease in the rabbit colony. These can 
inhibit the development of arteriosclerosis. 
Frequent serum cholesterol determinations serve 
to check the comparability of the control and 
test animals (when the test substance is to be 
used in a curative experiment), or to reflect 
possible effects of the test substance upon the 
serum cholesterol (in the preventative type 


experiment). This latter use of cholesterol levels ° 


is hazardous because mere acceleration of the 
dietary cholesterol through the gastrointestinal 
tract by an irritative effect of the test substance 
can probably result in lower values. Finally, if 
all of these conditions have been complied with 
to achieve the ideally controlled experiment, at 
the end of such an experiment it usually is 
impracticable to perform the minimum of 
twenty control and twenty test animal autopsies 
within an insignificant interval of time. 

As a result of all these difficulties compromises 
have been made by all investigators with re- 
sultant invalidation of many of the experiments. 
Moreover, if a test group showed less arterio- 
sclerosis than the control group, the test agent 
was likely to become the subject of a published 
report; if there was no difference between the 
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groups, the investigator was generally inclined. 
to dismiss the experiment as _ inconclusive. 
Custom seems to require much better data for 
negative reports than for positive ones. 

Most of what has been said of the design and 
interpretation of rabbit experiments applies in 
general to chicken and dog studies. Rodbard 
et al.*® have shown that age and season of the 
year profoundly influence the development of 
arteriosclerosis in chickens. Birds on a uniform 
regimen show progressive development of 
arteriosclerosis from the eighth to the twentieth 
week of age, but after twenty weeks the arterio- 
sclerosis slows down and may even regress. 
Studies on birds under eight weeks of age showed 
that arteriosclerosis could be produced in the 
winter season but not during the summer. In 
both chickens and dogs spontaneous arterio- 
sclerosis occurs with old age. Thus 50 per cent 
of chickens have arteriosclerosis at the age of 
one and one-half years,* and Bevans has found 
arteriosclerosis in all of twenty-seven dogs 
between nine and nineteen years of age.*® Katz 
and co-workers have favored the use of young 
chickens, large numbers of which can be con- 
veniently used to cancel out biologic varia- 
tions. Kendall and his group have used dogs 
because they believe that the experimental 
canine disease is more closely analogous to 
human arteriosclerosis and that there is less 
variation in the dog than in the rabbit. 

Most of the experiments cited by pharma- 
ceutical firms in support of the use of lipotropic 
agents in arteriosclerosis are open to criticism 
on one or more of the above counts. When the 
literature is reviewed with these requirements 
for adequately controlled experiments in mind, 
there are only a few that escape rejection. In 
general, the results of even these experiments 
are suggestive rather than conclusive. 

Steiner*® in 1938 reported that choline ad- 
ministered to nineteen six-months-old male 
rabbits on a high cholesterol diet over periods 
of 40 to 100 days resulted in only nine grossly 
arteriosclerotic animals, compared with fifteen 
diseased animals in the group of nineteen control 
rabbits on the same regimen without added 
choline. He stated that ‘‘on a statistical basis the 
results are not striking,’ and concluded that 
“choline delays, but does not prevent, arterio- 
sclerosis in cholesterol-fed rabbits.” That same 
year Steiner*® reported a curative type of ex- 
periment in which twenty six-month-old male 
rabbits were fed cholesterol for 110 days. This 
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lot of arteriosclerotic animals was then divided 
into three groups. Five rabbits were sacrificed 
at once; the remainder were placed on plain food 
without cholesterol for sixty more days with 
ten of the latter receiving 0.5 gm. of choline 
daily. At the end of the experimental period all 
rabbits were sacrificed. The incidence of arterio- 
sclerosis in the first five rabbits sacrificed at the 
end of the cholesterol feeding was the same as 
in the five which were on plain food alone for 
sixty more days, and both of these groups showed 
a higher incidence of arteriosclerosis than the 
remaining ten rabbits which had _ received 
choline. The number of animals used in these 
experiments was small and the serum cholesterol 
levels of the group which served as controls were 
somewhat higher than those of the choline group. 
In the same year Himsworth*! studied the effects 
of choline in cholesterol-fed rabbits. He used 
littermate five to six month old animals divided 
into six groups with too few animals per group 
to permit any conclusions. He believed, how- 
ever, that choline was without any effect upon 
the arteriosclerosis. A quite similar experiment 
was carried out by Baumann and Rusch”? that 
year with the same conclusions, but again based 
on two experiments each involving only twelve 
rabbits which were divided into three groups. 
Cholesterol levels were controlled but the 
animals varied too much in weight and were 
too few per group to be conclusive. The Keston 
and Silbowitz study** in 1942 of soya lecithin 
and choline in rabbits fed cholesterol involved 
only seven or eight rabbits per group, and in- 
cluded no mention of any serum cholesterol 
levels. Their control group of eight rabbits 
showed arteriosclerosis in seven, while three test 
groups of seven, eight and eight on lecithin or 
choline showed two, two and three diseased 
animals, respectively. These earlier experiments 
were all of a pilot nature and, in the light of what 
has since become known about factors influenc- 
ing experimental arteriosclerosis in rabbits, were 
inadequately controlled. 

More recently several studies of choline in 
rabbits have reported it to be effective against 
experimental arteriosclerosis. Morrison‘**:** in- 
vestigated the prevention of arteriosclerosis in 
cholesterol-fed rabbits. He reported an incidence 
of 75 per cent moderately severe (+++) to 
marked (+-+-+-+) arteriosclerosis, with 5 per 
cent of animals free of lesions in his twenty 
control rabbits after ninety-two days on the diet. 
Twenty-nine similar animals which received 
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0.5 gm. choline hydrochloride per day in addi- 
tion to the diet showed not even moderately 
severe (+-+-+) arteriosclerosis, and 55 per cent 
were entirely free of lesions. On twice this 
choline dosage 78 per cent of the thirty-two 
rabbits were free of lesions. These figures are 
impressive but there is no mention of serum 
cholesterol levels and no statement as to whether 
the test and control animals were run simul- 
taneously. If these two variables were not con- 
trolled, the observed differences could well have 
arisen through either of these important factors. 
Morrison** further reported a curative type of 
experiment in which arteriosclerosis was pro- 
duced in forty-four rabbits by cholesterol feeding 
for 184 days. The rabbits were then divided and 
half got plain food alone as controls, while the 
other half received plain food plus choline for 
the next 185 days. In the twenty-one surviving 
control rabbits there were none free of arterio- 
sclerosis. Of the twenty-two choline-treated 
animals 74 per cent were free of lesions. Again 
there were no serum cholesterols or weights 
mentioned to assure comparability of the two 
groups, and it is not stated that they were run 
simultaneously. Broun et al.,** using a total of 
224 cholesterol-fed rabbits, fed groups of six to 
eighteen animals choline, betaine, methionine 
and inositol at various dosage levels. Some 
groups of rabbits were three months old, others 
six to eight months old. The eighteen rabbits 
on 40 to 160 mg. per day of betaine showed no 
effect of the medication. Similarly, 40 mg. of 
methionine and 40 mg. of inositol in groups of 
six rabbits each were inactive. In the case of 
choline, 40 mg. per day (the largest dose) did 
nothing in the six to eight month old rabbits, 
but in thirty month old rabbits doses from 2 to 
500 mg. of choline were tested and the doses 
of 75 mg. per day and up seemed to inhibit the 
production of arteriosclerosis. This might have 
been due to depression of appetite by the choline 
but the authors reported that the various groups 
of animals showed “‘little difference in weight 
gain.”” These three month old rabbits showed 
serum cholesterol levels of only 400 to 700 mg. 
per cent as compared with several times this 
level in the older animals, so this might be a 
partial choline effect which can be overcome by 
greater hypercholesterolemia. The choline doses 
reported as effective are in line with those that 
have been generally used by other investigators. 
It is most interesting that when the regular diet 
was supplemented with 1 gm. of Crisco per day 
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the maximum 200 mg. of choline per day lost 
its effectiveness in protecting the animals against 
arteriosclerosis. This suggests that the basic diet 
in these experiments might have been unusually 
low in fat or deficient in choline. Steiner*® has 
repeated and extended his earlier work on 
choline in rabbits. This time twenty-five con- 
trols received a high cholesterol diet alone and 
twenty-nine rabbits got this plus choline hydro- 
chloride at two dosage levels, 500 mg. per day 
for eighteen animals and 1.0 gm. per day for 
eleven animals. Animals were sacrificed in pairs 
from each group (four animals) at intervals of 
five to ten days between the 40th and the 100th 
day of the experiment. None of the choline- 
treated animals sacrificed between the 40th and 
the 80th day showed arteriosclerosis, while ten 
of eleven control rabbits showed lesions at the 
end of the same period. The serum cholesterol 
levels of the two groups were quite similar but 
a little lower in the control group. No data were 
given as to the weights of the animals so there 
was no quantitative control on the relative rates 
of gain in the control and test groups. Recently 


this has been claimed to have a significant effect 


in rabbit arteriosclerosis’ and could readily be 
a factor when the diet of one group is flavored 
by choline. 

These conflicting past reports on the effect 
of lipotropic agents upon experimental arterio- 
sclerosis in rabbits have stimulated several care- 
fully controlled studies recently. Meyer et al., 
in an unpublished experiment, *’ studied choline 
for possible curative action. Arteriosclerosis was 
produced in forty-three chinchilla rabbits by 
cholesterol feeding for 107 days. Serum cho- 
lesterol determination were obtained every two 
weeks and the figures averaged to yield a mean 
serum cholesterol level for the entire 107-day 
period for each animal. On the basis of these 
cholesterol averages the rabbits were then 
divided into three groups, matched in their dis- 
tribution of mean serum cholesterol levels and 
therefore as comparable as possible in the inci- 
dence and severity of their arteriosclerosis. 
Group A, containing thirteen rabbits, was 
sacrificed at once to determine the degree of 
arteriosclerosis in this representative sample of 
the colony. The average of the mean serum 
cholesterol levels in this group was 1005 mg. 
per cent. Autopsies were performed and the 
arteriosclerosis found was graded on a scale of 
0 to 4+ in (1) the ascending .urta, (2) the 
thoracic aorta, (3) the abdominal aorta and (4) 
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the pulmonary artery. As an additional index 
of the severity of the lesions, chemical analyses 
were made of each individual aortic intima and 
media for its content of various lipids. The 
remaining two groups of rabbits were continued 
on experiment. Group B, containing fourteen 
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designed to study the effect of choline in pre- 
vention of arteriosclerosis. The animals were 
all males from a single colony and between ten 
and twelve months of age. Serum cholesterol 
levels were determined weekly and each rabbit 
was weighed twice a week. Three groups of ten 


TABLE I 
Average Serum 
Cholesterol Analysis of Aortic Intima and Media 
a. (Scale of 0-4-+) Lipids (gm./100 gm. Dry Wt.) 
Choles- Cholesterol Phospho 
terol Regres- Thoracic d Pujmo- Lipid | Total | Neutral 

Feeding ren! Aorta (Lipid | Lipid | Fat 

Period ani alae _ ery; 8™- | Total | Free | Ester | P X 25) 
A | 1005 3.1 1.7 26 | 22.50 1.20 11.32 | 2.97: 1:23.41) 16.9 
B | 1068 | 600 I | 2.4 2.0 2.6 | 0.176 | 10.10 | 4.08 | 6.02 | 4.55 | 25.6 6.4 
C | 1067 | 646 3.7 a5 a2 2.6 | 0.166 | 11.88 | 5.07 | 6.81 | 5.63 | 28.7 6.2 


animals with an average mean serum cholesterol 
level of 1068 mg. per cent, was placed on a plain 
stock diet as controls against further changes in 
the lesions. Group C, containing twelve rabbits 
with an average mean serum cholesterol level 
of 1067 mg. per cent, was placed on the same 
plain stock diet with 1 gm. of choline hydro- 
chloride in aqueous solution mixed with a small 
first portion of each rabbit’s daily food. This 
technic assured consumption of the choline 
without having the rabbits’ entire diet flavored 
by the choline. After 112 days on their respective 
regimens the rabbits in groups B and C were 
sacrificed and studied in the same manner as 
group A. The results in terms of averages for 
each group of rabbits are given in Table 1. 
It should be noted that rabbits in groups B and 
C remained hypercholesterolemic during the 
regression period of the experiment despite no 
cholesterol intake. The arteriosclerosis in these 
groups was accordingly more severe than in 
group A. This rabbit experiment gave no evi- 
dence of any effect of choline upon the experi- 
mental arteriosclerosis. A similar failure to 
demonstrate effects of choline on regression of 
arteriosclerosis in rabbits (in unpublished ex- 
periments) was mentioned by Duff.' 

Moses and Longabaugh* have reported quite 
a similar cholesterol-fed rabbit experiment 


rabbits each were used and all were fed the same 
high cholesterol diet. One group received noth- 
ing else and served as controls. Group two had 
1 gm. of choline salt mixed with the food of each 
rabbit daily. Group three similarly received 
choline but in doses of 4 gm. per day per rabbit. 
After six weeks on the experimental diets all 
animals were sacrificed and examined. Addition 
of the grades of arteriosclerosis in the animals 
in each group showed a score of 24 for the 
controls, 19 for the second group (on 1 gm. 
choline) and 26 for the third group (on 4 gm. 
choline). These figures fail to show an in- 
fluence of choline upon the lesions. Despite this, 
there was one animal free of lesions in group one, 
as opposed to two in group two and three in 
group three. This might be interpreted as in- 
dicative of a protective effect of choline but is 
offset by a higher incidence of very severe 
arteriosclerosis in the choline-fed animals plus 
the fact that the average weight gain in the five 
test animals free of lesions was 12 gm. as opposed 
to an average gain of 416 gm. in the entire con- 
trol group. This was a well controlled experi- 
ment but is marred by the marked biologic 
variation in the small numbers of animals in 
each group and the observed lower weight gain 
in the choline-fed animals, a complicating factor 
which could inhibit arteriosclerosis. Both factors 
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make it impossible to conclude that choline 
had any unequivocal influence upon the 
arteriosclerosis. 
The effect of inositol has recently been studied 
in rabbits in two unpublished experiments. 
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gained less and had normal serum cholesterol 
levels, as would be expected. When the animals 
were examined after twelve weeks on their diets, 
the grade of arteriosclerosis (on a 0 to 4+ scale) 
in the cholesterol-without-inositol group aver- 


Ellenbogen and Kendall** used twenty-eight aged 2.6+; in the cholesterol-plus-inositol 
TABLE II 
Average Serum Levels 
: Estimated Degree 
No. Wt. (Scale of 0-4+) 
Regimen of Lipid Gain 
Rabbits Phos- (gm.) 
(mg. %) phorus | Chol./Phos. 
(mg. %) Arteriosclerosis Fatty Liver 
STOCE 7 56 4 625 0 0 
Stock diet + 3 gm. ino- 
Sitol per Week... 45 4 1.0 570 0 0 
Cholesterol-containing 
667 12 4.6 550 | 1+,1+, 1+, 1+, 1+, 2+, 2+ | 1+, 1+, 2+, 2+, 34+, 4+, 4+ 
Cholesterol-containing 
diet + 3 gm. inositol 
per 6 781 13 4.7 635 | 14+, 2+, 24, 2+, 34+,3+, | 2+, 3+, 3+, 3+, 3+, 4+ 


rabbits of the same stock. These were divided 
into four groups of matching body weights. Two 
groups were controls on stock diet and stock diet 
plus inositol, respectively. The third group was 
fed a high cholesterol diet alone, while the 
fourth group received the high cholesterol diet 
plus 0.5 gm. inositol six days a week. In all 
animals the serum cholesterol and phospholipids 
were followed and the gain in weight was 
measured. The animals were on experiment 
simultaneously in the same animal quarters. 
All animals were sacrificed and examined after 
eighty-four days..The results are given in 
Table u. This experiment was well controlled 
but suffered from the compromise made in 
using too few rabbits. There is, however, no 
indication that inositol had any effect upon the 
serum lipid levels, the amount of fat deposited 


in the liver, or the amount of arteriosclerosis - 


produced. The second inositol study was carried 
out by Moses.*®? Though designed completely 
independently of Ellenbogen et al. it followed 
strikingly parallel lines. Moses used all male 
albino rabbits. He simultaneously had seven 
rabbits on cholesterol diet alone, nine on cho- 
lesterol diet plus 2 gm. inositol per rabbit daily, 
and nine on plain food plus 2 gm. inositol per 
‘rabbit daily. Weight gain and serum cholesterol 
levels were determined and were strictly com- 
parable in the two cholesterol-fed: groups. The 
third group on inositol without cholesterol 
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group 3.7+; and in the inositol-without-cho- 
lesterol group 0.0+. There was no evidence of 
any inositol effect but the numbers of animals 
were small so Moses did a second experiment. 
This time three groups of twenty-six comparable 
rabbits were used. Each group was fed a differ- 
ent level of cholesterol in its diet. Of each twenty- 
six, eight received no inositol and served as 
controls, while the remaining eighteen in cages 
of six were given 4, 8 and 12 gm. of inositol per 
cage in their drinking water daily. This division 
of animals permitted the study of a range of 
inositol dosage in rabbits under various dietary 
cholesterol loads. Serum cholesterol levels and 
the weights of the animals were followed and 
there was no evidence of any effect of inositol 
upon these measurements. Two animals from 
each of the twelve groups on different regimens 
were sacrificed after four, six and eight weeks 
on experiment. This added various time inter- 
vals to the already different regimens. The 
arteriosclerosis in the inositol-fed rabbits was 
in all instances comparable to that found in the 
corresponding control animals. In this experi- 
ment inositol was studied over a range of dosages 
and under different conditions of time and 
cholesterol feeding. This reduced the number 
of animals per subgroup to only two or four, 
numbers too small to be significant if a group 
differed from the bulk of the data. Since there 
was no such deviation of any of the groups, the 
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experiment as a whole seems highly significant 
and provides rather convincing evidence that 
inositol has no influence upon the development 
of arteriosclerosis under these conditions. 

Another unpublished study of lipotropic 
agents in cholesterol-fed rabbits has been made 
by Kellner.®° Soya lecithin preparations con- 
taining both choline and inositol were employed. 
He used approximately 100 rabbits divided into 
experimental groups of ten and twelve. Some 
were maintained on plain food, some on plain 
food plus lecithin, some on a cholesterol-con- 
taining diet alone, and some on this last diet plus 
lecithin. The doses of lecithin were calculated to 
be proportional to the doses recommended by 
the manufacturer for use in human subjects. All 
animals were followed as to weight and both 
serum cholesterol and phospholipid levels. 
Kellner found that lecithin caused no change 
in the serum phospholipid levels in the animals 
on plain food. In the cholesterol-fed rabbits there 
was no difference between the controls and the 
lecithin-treated groups in regard to serum cho- 
lesterol-to-phospholipid ratios or in the resultant 
arteriosclerosis. 

Evaluation of the lipotropic agents in arterio- 
sclerosis in chickens has been reported frequently 
by Herrmann®!—** and by Stamler et al.°**® 
The former believes that the lipotropic agents 
are effective while the latter has been unable to 
demonstrate any favorable action. 

Herrmann used old hens as his elias 
bird, because of their high incidence of spon- 
taneous arteriosclerosis. He followed the blood 
and tissue cholesterol concentrations as indices 
of the efficacy of the drugs. He fed choline,*! 
methionine® and inositol®? in efforts to reduce 
the blood cholesterol levels. All of these agents 
produced sstatistically significant blood cho- 
lesterol reductions in apparently adequate 
numbers of birds as compared with control 
bleedings in the same birds. Upon analysis of 
the heart, aorta and liver of the treated and 
simultaneous control hens there was significantly 
less cholesterol found in the organs of the treated 
hens. The experimental data appear to justify 
Herrmann’s conclusions that choline, methionine 
and inositol did reduce the blood cholesterol 
level and diminish the tissue cholesterol content 
in his old hens. The significance of these find- 
ings with regard to arteriosclerosis is chiefly in- 
ferential. No report has been made of the direct 
effect of the lipotropic agents upon the arterio- 
sclerotic lesions. 
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Stamler et al. studied the effect of choline and 
inositol upon the development of arteriosclerotic 
lesions in young chicks. The lesions studied were 
of three types: those induced by cholesterol 
feeding,®*® those induced by stilbestrol®> and 
spontaneously occurring lesions.®*° In the choles- 
terol-induced arteriosclerosis experiment ninety- 
six birds were divided into six groups of twelve 
test birds each and one control group of twenty- 
four birds. All ninety-six birds were fed the same 
basic diet but one pair of test groups was given 
0.25 per cent cholesterol in their diet; a second 
pair, 0.5 per cent cholesterol; and the third pair 
2.0 per cent cholesterol. One of each pair of 
groups on a given diet was also given a com- 
bination of 1 per cent choline and 1 per cent 
inositol in its particular cholesterol-enriched 
diet. All birds were weighed weekly, food intake 
was recorded and bloods were drawn at inter- 
vals for complete serum lipid fractionation. 
Birds from test and control groups were sacrificed 
at intervals after fifteen to forty-seven weeks of 
experimental feeding. Under these conditions 
choline and inositol had no prophylactic ef- 
fect against hypercholesterolemia, hyperlipemia, 
aortic lipidosis or atherosclerosis. On the con- 
trary, the lipotropic factors tended to aggravate 
both the hyperlipemia and the atherosclerosis. 
In the stilbestrol-induced arteriosclerosis experi- 
ment twenty-four birds were implanted with 
stilbestrol pellets and twelve of these served as 
controls on regular diet while twelve were fed 
the same diet containing 1 per cent choline and 
1 per cent inositol. The conduct of the experi- 
ment was the same as in the case of the study of 
cholesterol-fed birds. There was no evidence of 
any effect of the lipotropic agents upon blood 
or tissue lipids or the arteriosclerosis. The study 
of spontaneous arteriosclerosis was carried out 
in an analogous manner with forty-eight birds. 
Half were on regular diet and half on the lipo- 
tropic diet. The results were completely nega- 
tive. These experiments differ in many ways 
from those of Herrmann but seem to bear more 
directly. on the problem. They showed no evi- 
dence of any inhibitory action of choline and 
inositol upon arteriosclerosis in chicks. 

The influence of choline and inositol upon the 
development and regression of experimental 
arteriosclerosis in the dog has been investigated 
by Kendall and co-workers.®’ Experimental 
arteriosclerosis can be produced in dogs by feed- 


ing cholesterol and thiouracil.°**-®° The ex- 


perimental canine arterial lesions seem mor- 


AMERICAN JOURNAL OF MEDICINE 


5 
> 
“ 
4 
3 
’ 
ae 
i 
Slacks 
ths 
Zi 
3 
: 


Diet and Lipotropic Agents in Arteriosclerosis—Davidson 745 


phologically and anatomically more similar to 
human arteriosclerosis than either the rabbit 
or chicken lesions. This as well as the fact that 
the dog is omnivorous like man has made our 
group favor this experimental animal. Choline 
was studied first and was tested for a possible 
inhibitory effect upon the production of arterio- 
sclerosis.” In a pilot experiment three dogs 
were fed cholesterol, thiouracil and 5 gm. of 
choline hydrochloride per day for fourteen 
months. Their hypercholesterolemia was com- 
parable to what had been observed previously 
in five dogs on the same regimen without cho- 
line. At autopsy all three animals had extensive 
gross arteriosclerosis. A better controlled experi- 
ment was then performed. Fourteen mongrel 
dogs were started on experiment at four months 
of age and fed a 5 per cent cholesterol diet ad 
libitum. The dogs were individually given 
0.6 gm. thiouracil daily. Eight of the dogs were 
maintained on this regimen as controls while 
six were given choline hydrochloride mixed with 
their food in an amount equal to 2.5 per cent 
of the diet. Serum cholesterol determinations 
were made in all dogs every two weeks and four 
to seven of the samples of serum from each dog 
were also analyzed for phospholipid content. 
All of the choline-fed dogs were on experiment 
at the same time but only four of the control 
dogs were on experiment concurrently with 
them. After four months on the experiment all 
dogs were sacrificed and examined. It was not 
possible to demonstrate any effect of the choline 
upon the treated dogs as compared with the 
controls in respect to serum levels of cholesterol 
or phospholipids, in degree of fatty infiltration 
of the liver, or in the extent and severity of the 
arteriosclerosis which was present in all animals. 
In a_ subsequent unpublished experiment®! 
choline was studied for possible curative effects. 
Arteriosclerosis was produced in six dogs by 
cholesterol and thiouracil feeding for six months. 
The dogs were then taken off this regimen and 
placed on plain food for four months. Under 
these conditions the arterial lesions are known 
to regress.° During this last four-month regres- 
sion period 2)4 per cent choline hydrochloride 
was added to the plain diet. At the end of the 
regression period the extent of the arterial 
lesions in these six choline-treated animals was 
compared with that in nine dogs observed after 
being placed on the same experimental regimen 
without added choline. The controls were not 
all run concurrently with the test dogs. There 
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was no difference between the two groups of 
dogs when animals of similar degree of effective 
hypercholesterolemia were compared. 

Inositol was studied in ten dogs in the pre- 
ventative type of experiment with no apparent 
effect of the drug on the serum lipids or the 
resultant arteriosclerosis, as compared with 
fifteen control dogs. The inositol dosage was 
3 gm. per dog per day. The effect of inositol 
upon the regression of arteriosclerosis in dogs is 
currently being investigated. 

In summary, the data on studies of the value 
of lipotropic agents in arteriosclerosis in experi- 
mental animals are conflicting. It does seem, 
however, that the more recent and better con- 
trolled studies of the action of inositol and cho- 
line in both rabbits and chickens have not 
demonstrated any effect of these agents either 
in preventing or curing arteriosclerosis, or in in- 
fluencing the serum lipid pattern in what would 
seem to be a favorable manner. Only our own 
group has studied these agents in the dog but 
no beneficial effects have been demonstrated in 
this species. 

Clinical Studies. Very few clinical studies of 
the effects of lipotropic agents upon human 


arteriosclerosis have been reported despite wide 


use of these compounds in medical practice. 
Controlled clinical studies are difficult because 
of the chronicity and marked variability of the 
disease. The diagnosis of arteriosclerosis is most 
secure in patients who have had a myocardial 
infarction so these are the patients in whom the 
drugs can best be evaluated. If evaluation is to 
be direct, the patients have to be followed while 
on the medication until sufficient numbers of 
deaths or complications from arteriosclerosis 


have arisen in comparable series of treated and © 


control patients. This requires large numbers 
of patients and many years of observation. 
Throughout this period there is always the 
danger that the patients on the drug may get 
more careful medical attention than the con- 
trols and that thereby factors other than the 
drug under test may favorably influence the 
test patients’ course. ‘ 

One such “direct” study has been reported 
by Morrison and Gonzales in several arti- 
cles. They used ‘“‘alternate unselected 
patients” who survived proven coronary throm- 
boses as their control and test groups. There 
were 115 patients in each group, with the sex, 
age and hypertension distributions reported 
comparable. The test group was given choline 
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in doses of 6 to 32 gm. per day, the average dose 
being 12 gm. These patients were then followed 
for periods up to three years and the mortality 
tabulated. There were thirty-five deaths in the 
control group and fourteen in the treated group. 
These figures are significantly different statisti- 
cally and remain so upon breakdown into the 
deaths from recurrent coronary thrombosis 
(19 vs. 6), cardiac failure (10 vs. 5) and non- 
cardiac causes (6 vs. 3). This last category raises 
the question as to whether greater medical care 
for the patients given choline may not have 
influenced the results. The authors have not 
made this point entirely clear and there seems 
to be no specific accounting for individuals in 
this study of 230 patients who must have been 
lost to follow-up. A completely satisfactory ex- 
periment of this type should utilize placebo 
medication in the control group. 

Less difficult indirect studies of lipotropic 
agents for human arteriosclerosis have been 
made by using the level of the serum cholesterol 
and serum phospholipids as indices of the possi- 
ble action of the drugs. As with animals, this 
index is probably valid. In this type of experi- 
ment the chief pitfalls are the marked spontane- 
ous fluctuation of the serum cholesterol level 
in patients with arteriosclerosis®*®* and the fact 
that weight loss can cause reduction of the serum 
cholesterol level.*’ The latter is emphasized 
because both choline and inositol in doses that 
have been used can cause gastroenteritis and 
anorexia with possible resultant weight loss. 

Soya lecithin was studied by Steiner and 
Domanski®* in six patients with coronary 
arteriosclerosis and two patients with rheuma- 
toid arthritis. A reduction of serum cholesterol 
was observed in all patients, with no difference 
between the two types of patients. The average 
maximum serum cholesterol decline was 68 mg. 
per cent. The decline, however, was maintained 
for only five weeks after which the serum cho- 
lesterol rose again despite continued soya 
lecithin feeding. Sufficiently frequent and 
numerous serum cholesterol determinations were 
made but there was no report of the weights of 
the patients. A fall in weight upon initiation of 
the lecithin feeding with later adaptation to the 
regimen and maintenance of weight could 
account for the findings in this experiment. 

Herrmann has published several reports of 
studies of the effects of choline, methionine 
and inositol upon the serum lipid levels in 
humans.**®:70 He gave choline in doses of 
1 gm. three times a day to forty patients for 


Diet and Lipotropic Agents in Arteriosclerosis—Davidson 


periods of one and one-fourth to three and three- 
fourths months and observed an average re- 
duction of 20 per cent in the total serum cho- 
lesterol. In the case of 0.5 gm. methionine given 
three times daily for two to four weeks to six 
patients, the reduction was reported as 10 to 
15 per cent, with one patient showing a 33 per 
cent increase. In twenty patients given 0.5 gm. 
of inositol four times a day for twenty-five to 
thirty days there was a 19 per cent average 
reduction of serum cholesterol level. In all of 
these reports there is no mention of what hap- 
pened to the weights of the patients or any 
record of the number of baseline serum choles- 
terol levels made in each patient to evaluate 
random fluctuation. The number of patients in 
these studies was generally too small to permit 
any definite conclusions. More recently Herr- 
mann’ has reported on larger numbers of 
patients on choline and on inositol regimens. 
Only average figures are given for the serum 
cholesterol levels before and after treatment. 
The serum cholesterol reductions produced 
amounted to 10 to 20 per cent of the initial 
levels. Similar studies on soya lecithin showed 
no significant reduction. 

Morrison”! attempted to study the effects of 
choline on the serum cholesterol levels of forty- 
eight patients who had had recent coronary 
thromboses. He reported that in these patients 
given 6 gm. of choline per day there were such 
marked fluctuations of the serum cholesterol 
level that it was impossible to determine whether 
a reduction or an increase predominated. In 
contrast to these arteriosclerotic patients a small 
group of normal people fed choline by Paul, 
Daum and Kemp” showed very little variation 
in their serum cholesterol levels, with as many 
showing a rise as a fall. 

Inositol has been studied in diabetics by 
Felch.7* A group of thirty diabetics selected for 
hypercholesterolemia and _ stability of their 
diabetes were fed 3 gm. of inositol daily for 
eight weeks. Serum cholesterol and lipid phos- 
phorus determination were made two or more 
times before the start of inositol and after one, 
two, four and eight weeks on the drug. Both 
lipids were found to fall appreciably while the 
patients were on inositol. In this study variations 
in the degree of control of the diabetes alone 
could have accounted for the results. This possi- 
bility is further suggested by the fact that the 
lipids returned only part way to their baseline 
levels while the patients were followed for six 
weeks after inositol was discontinued. Unless 
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placebo medication is used in a control study 
in a group such as this greater medical attention 
during the trial of the drug may inadvertently 
result in more strict adherence to diet, with 
consequent better regulation of the diabetes and 
a favorable effect upon the blood lipid levels. 

In all of these clinical studies, as in the animal 
studies, it is always difficult to be certain that 
reductions in serum cholesterol levels upon ad- 
ministration of lipotropic agents are not due to 
secondary factors such as weight loss. This is 
very likely to occur when choline or inositol are 
fed, due to production of anorexia and diarrhea 
by these compounds. 


CONCLUSIONS 


Under certain circumstances low cholesterol, 
low fat diets are capable of lowering the levels of 
serum cholesterol. The degree of dietary lipid 
restriction necessary to achieve this effect in 
some patients may preclude the use of this 
regimen. It is not established that the maximum 
depression of serum cholesterol level obtainable 
by dietary measures will affect arteriosclerosis in 
man. Evidence in the experimental animal, 
however, suggests that a restricted lipid intake 
produces regression of experimentally induced 
arteriosclerotic lesions. 

Consideration of all data available to date 
indicates that despite individual positive reports 
there is no general agreement that choline or 
inositol have any specific influence upon arterio- 
sclerosis or the serum cholesterol level in man 
or the experimental animal. 
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Conference Therapy 


Use of Curare and Curare-like Agents 


HESE are stenographic reports of conferences by the members of the Department of 

Pharmacology and of Medicine of Cornell University Medical College and New York 
Hospital, with collaboration of other departments and institutions. The questions and dis- 
cussions involve participation by members of the staff of the college and hospital, students 
and visitors. A selected group of these conferences is published in an annual volume, 
Cornell Conferences on Therapy, by the Macmillan Company. 


Dr. GeorcE This therapy con- 
ference will be on the use of curare and curare- 
like agents. Dr. Wescoe and Dr. Riker, who 
have studied the pharmacology of these drugs, 
are here. Dr. Wescoe will open the discussion. 

Dr. W. CLarKE WEsCcoE: Curare, as you all 
know, is a very old drug with a fascinating 
history. Its medical usage has largely been con- 
fined to the last sixteen years. Prior to that time 
only understandardized crude preparations of 
curare were available and the results obtainable 
from its use were equally crude and unpre- 
dictable. In 1935 the active principle, d-tubo- 
curarine chloride, was isolated by King. Later, 
in 1943, Wintersteiner obtained the same alka- 
loid from another species of plant. 

This active principle, d-tubocurarine chlo- 
ride, is the drug most commonly used today to 
produce muscular relaxation or paralysis. It 
is important to note that it still must be biologi- 
cally assayed to determine its potency. The 
official assay method of the United States Phar- 
macopeia is the rabbit head drop test. Essen- 
tially this is a test for failure of neuromuscular 
transmission. A series of injections of curare is 
given fifteen seconds apart. The end point of the 
assay is the inability of the rabbit to raise its 
head in response to a physiologic stimulus. By 
comparison with the activity of a standardized 
preparation of crystalline d-tubocurarine the 
potency of any curare sample may be measured. 

The mechanism of action of this compound 
merits some discussion. When an impulse travels 
down a motor nerve, it causes depolarization of 
the neuromuscular junction. This wave of 
negativity gives rise to the so-called action 
potential recorded by means of various electrical 
measuring devices. A rapidly falling potential 
results within the end plate which, when it 
reaches a certain critical level, excites the muscle 
to respond with a contraction. The membrane 
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of the end plate is rapidly repolarized in prepa- 
ration for the next stimulus. Now, how does 
curare interfere with this process? It has been 
shown experimentally, chiefly by Eccles and his 
collaborators, that curare prevents the depolari- 
zation of the end plate, thus inhibiting develop- 
ment of the change in potential. If sufficient 
curare is given, the potential difference does not 
reach the critical level necessary to produce a 
muscle contraction. In essence, the motor im- 
pulse arrives normally at the end plate but its 
transmission to the muscle is blocked. 

Since d-tubocurarine was first introduced, 
some compounds with similar actions have come 
into use. By adding two methyl groups to the 
very complicated structure of d-tubocurarine, it 
was possible to produce the dimethyl-d-tubo- 
curarine which is sold commercially as metu- 
bine.® This compound has the same mechanism 
of action as curare but it is approximately ten 
times more potent. Whether or not it has any 
advantages I will leave to the clinicians to 
decide. 

There is another agent which has been used 
in other countries and is now being introduced 
into America. This compound, which has the 
trade name flaxedil,® is quite different chemi- 
cally from d-tubocurarine. It has a benzene struc- 
ture, substituted with choline at three adjacent 
carbon atoms. In the choline nuclei ethyl groups 
are substituted for the usual methyl radicals. 


. There is fairly good evidence that flaxedil, 


despite its chemical dissimilarity, has the same 
mechanism of action as d-tubocurarine. 

There is still another group of drugs which 
produce the end results of curarization and 
which are sometimes called curarizing agents. 
Of course, a patient can be “‘curarized’’ only 
with curare; when paralysis is produced with 
another drug, it is incorrect to say the patient is 
“curarized.” The terms ‘“‘curare-like” cura- 
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riform’’ may be more properly applied to those 
agents which lead to an effect similar to that of 
curare. 

The other agents to which I refer are the 
quaternary ammonium compounds which pro- 
duce the same effects as curare but by a different 
means. The first of these compounds was de- 
veloped in England by Ing, who combined two 
quaternary ammonium molecules separated by 
a straight chain of ten carbon atoms. It was 
named decamethonium bromide by Ing and is 
marketed under the trade name of syncurine.® 
The end result following administration of 
syncurine is the same as that produced by 
curare but the mechanisms of action of the two 
agents seem to be directly opposed. Syncurine 
prolongs depolarization at the end plate whereas 
curare prevents it. When the depolarization is 
prolonged, the end plate cannot repolarize to the 
normal resting state and the next nerve impulse 
cannot be transmitted to the muscle. Its action 
resembles that of acetylcholine which, if allowed 
to pile up at the myoneural junction, blocks the 
muscle response. Since syncurine acts in this 
manner it should theoretically be counteracted 
by d-tubocurarine. In the laboratory such is the 
case. The one paralyzing agent can be antago- 
nized by the other if the experimental conditions 
are exactly adjusted. Actually many trials may 
be necessary to demonstrate the antagonism. 

I do not know whether the prolonged depolar- 
ization produced by syncurine is desirable. On 
the whole, the mechanism of action of curare 
appears preferable although proof of harm from 
syncurine is lacking. It is known, however, that 
prolonged depolarization produced by other 
agents extended over a period of several days 
does lead to permanent damage. 

There are a few other pharmacologic actions 
of these paralytic drugs which deserve mention. 
Curare has a histamine-like action if injected 
intra-arterially and, according to reports, when 
given intravenously. This may be manifested by 
a sudden drop in blood pressure, bronchiolar 
constriction and excessive secretion in the 
respiratory tract. Fortunately, such reactions 
have been encountered very rarely in the clinical 
usage of the drug. Curare and also syncurine 
produce a moderate degree of ganglionic 
blockade. I suppose there are some surgical 
circumstances in which this ganglionic blockade 
would not be desirable and use of such drugs 
might add another hazard to the procedure. 
Flaxedil does not alter ganglionic function. All 


Conference on Therapy 


these agents at least partially inhibit vagal nerve 
function. Flaxedil in particular is almost as 
effective as atropine in blocking the cardiac 
effects of vagal nerve stimulation so that a moder- 
ate tachycardia often follows its administration. 

Finally, I would like to speak about the prob- 
lems involved in the use of curare and similar 
drugs. The greatest danger inherent in all these 
compounds is, of course, respiratory embarrass- 
ment. This may occur following administration 
of any of them and will continue to represent a 
hazard until a drug is developed that will spare 
the diaphragm while paralyzing all other 
skeletal muscles. Unfortunately, there seems to 
be nothing specific about the end plates of the 
diaphragm and I doubt that any such drug will 
be produced. There is no real difference among 
these compounds in their margin of safety since 
the occurrence of respiratory difficulties is 
related to production of the desired therapeutic 
paralysis. Therefore, I would say without 
reservation that these paralytic drugs should 
never be used unless means are available for 


instituting positive pressure artificial respiration 


at a moment’s notice. 

Artificial respiration must be considered the 
best physiologic antidote to curare and similar 
drugs. I think it important to know, however, 
that there are also available some chemical 
antagonists. The one most commonly used is 
neostigmine, also known commercially as pro- 
stigmine.® Recently a new series of compounds 
related to neostigmine has been developed at the 
New York Hospital-Cornell Medical Center. 
These have not yet been marketed and have no 
trade names. The one most practical for clinical 
use is referred to by its code designation, 
Ro 2-2561. These chemicals depolarize the end 
plate of the nerve, an action opposite to that of 
d-tubocurarine, metubine and flaxedil. Since the 
actions are opposite, they neutralize each other. 
The mechanism may be most simply explained 
by stating that Ro 2-2561 competes with curare 
for the neuroeffector cell. This does not occur in 
the case of syncurine, which produces paralysis 
by depolarization. Neostigmine, Ro 2-2561, and 
the others of the series will not antagonize the 
effects of syncurine but on the contrary will 
increase the paralysis. I believe that the only 
effective source of relief for cases of respiratory 
difficulty following use of syncurine is artificial 
respiration. 

Dr. READER: Dr. Artusio, as an anesthetist, 
would you care to comment? 
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Dr. JosepH F. Arrtusio, Jr.: As you all 
realize, the primary aim in anesthetization of 
individuals is the production of unconsciousness 
but in many surgical procedures muscular 
relaxation is also mandatory. Until the intro- 
duction of curare, adequate relaxation could be 
produced only by very deep anesthesia which 
was associated with disturbances of many of the 
physiologic mechanisms which compensated for 
trauma, blood loss and the like. Naturally, 
individuals in such a state easily went into shock 
when exposed even to minor stress. In present 
day anesthesia we can maintain very light planes 
of anesthesia and by the use of curare or a 
similar drug retain the peripheral compensating 
mechanisms, with adequate relaxation. This has 
been a tremendous boon, especially for patients 
considered as poor risks. Today there is hardly 
an abdominal operation or an endotracheal 
intubation performed in this institution without 
the aid of one of the curare preparations. 

We most commonly use d-tubocurarine. This 
is an extremely effective muscular relaxant and 
can be employed in combination with any of the 
anesthetic agents. When used in association with 
pentothal sodium or cyclopropane, the dose of 
curare necessary to paralyze the individual 
without producing severe respiratory depression 
is usually between 9 and 12 mg. When used in 
conjunction with ether anesthesia the dose neces- 
sary to produce the same effect is in the neigh- 
borhood of 3 to 6 mg. Thus with ether only 
about one-third as much curare is needed as 
with the other anesthetics. 

I must emphasize that the doses mentioned 
are only approximations. The paralytic effects 
of d-tubocurarine are not exactly predictable 
even on a dose-for-weight basis. I agree em- 
phatically with Dr. Wescoe’s statement that no 
one should administer curare unless he is pre- 
pared to furnish artificial respiration to the 
patient immediately. The antagonists to curare 
and flaxedil provide another means of combat- 
ing the effects of overdosage, but artificial 
ventilation is still the treatment of choice. 

Our experience with flaxedil has been limited. 
From Dr. Marbury’s work it would appear that 
the usual dose in man lies between 1 and 114 
mg. per kg. This produces good muscular 
relaxation comparable to that produced by 
d-tubocurarine, without interfering with res- 
piration. Flaxedil has an advantage over curare 
in that its effects are much more predictable. 
We have seen the vagal blocking action of 


DECEMBER, 1951 


Conference on Therapy 751 


flaxedil in patients lead to a moderate tachy- 
cardia but we have not yet decided whether this 
is important. Both flaxedil and curare produce 
their maximum effects within three minutes 
after intravenous injection and the effect lasts 
about twenty to forty-minutes. 

Syncurine, the decamethonium compound, 
is even less predictable than d-tubocurarine. The 
dose is approximately 2 to 4 mg. in anesthetized 
humans and it makes little difference what 
anesthetic agent is used in association with it. 
There is not the distinction between ether and 
cyclopropane which must be considered when 
using Curare. 

All of these agents show cumulation if doses 
are repeated in less than sixty minutes. To 
produce the same effect as the initial dose, sub- 
sequent doses must be approximately halved. 

We might add that flaxedil may eventually 
become the drug of choice since it does not have 
the ganglionic blocking action of d-tubocurarine. 
This is an advantage in that it preserves more 
of the peripheral compensating mechanisms to 
acute blood loss and trauma. Early observations, 
subject to confirmation, indicate that flaxedil 
has a second advantage over curare in that its 
effects are more predictable. 

Dr. READER: Are there any questions at this 
point? 

Dr. WALTER F. Riker: I would like to ask 
Dr. Artusio, how complete is the ganglionic 
blockade with d-tubocurarine during the usual 
surgical procedure? 

Dr. Artusio: That is difficult to say. I do not 
know any way to determine clinically the 
amount of ganglionic blockade. In accord with 
the work in the experimental laboratory, I 
would certainly choose a drug that did not 
produce a ganglionic blockade for use in those 
patients who may suffer trauma or acute blood 
loss. 

Dr. JoHN McLean: Dr. Artusio has com- 
mented on the use of these agents in conjunction 
with intravenous and inhalation anesthesia. | 
wonder if he would say something about their 
use in conjunction with local anesthetics in the 
head region. 

Dr. Artusio: In conjunction with local anes- 
thesia, 3 to 6 mg. of d-tubocurarine will usually 
provide fair relaxation of the small muscles of 
the face with but little interference with the 
muscles of respiration. But again I must stress 
that the degree of paralysis produced by curare 
is not always what one would expect. Even 
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small doses of the drug if given to sensitive indi- 
viduals may produce respiratory depression of a 
severe degree. I would never use it unless I was 
ready to offer the patient artificial respiration. 

Dr. McKeen Carre t: In relation to the 
fact that the compounds of the decamethonium 
type cause depolarization of the end plate, I 
wonder whether there is a discharge from the 
end plate resulting in muscular fibrillation, as is 
the case with neostigmine. 

Dr. Wescoe: I do not think it is seen clini- 
cally. Does Dr. Artusio see it? 

Dr. Artusio: It is not seen clinically. 

Dr. Wescoe: Experience in the laboratory 
indicates that with any agents that block by 
depolarization it is possible to find some dose at 
which stimulation occurs. 

Dr. Reaper: In a patient in whom the effect 
of curare, or one of these curare-like agents is 
excessive, what is the first thing to do? Do you 
immediately try one of the chemical antagonists 
or do you first start artificial respiration? 

Dr. Artusio: There are two emergency 
situations that can arise after curare has been 
given. First, the patient may have received too 
much curare either because of overdosage or of 
unusual sensitivity to the drug. Second, the 
patient may have been fully curarized when the 
operation was for some reason suddenly ter- 
minated, thus necessitating supportive measures 
until the paralytic effects disappear. If there is 
overdosage, the prime requisite is artificial 
respiration. The period during which this will 
be needed can be shortened markedly by the 
chemical antagonists, but I do not think a 
patient should be allowed to remain in apnea 
while someone is running to get an anti-curare 
compound or is drawing the compound into 
a syringe. If oxygen is available, it should be 
given under positive pressure. Once artificial 
respiration under optimal conditions is estab- 
lished the antagonist may be given at leisure. In 
the second circumstance when a patient has 
been curarized and his respiration reduced to 
barely adequate levels just as the operation 
must be terminated, the antagonists are effec- 
tive. A single injection may overcome the 
paralysis and render breathing adequate. 

Dr. JANET TRAVELL: Do you ever have to 
give more than one dose? 

Dr. Artusio: Yes, if the first is inadequate. 
The dose of an antagonist depends upon the 
degree of curarization, which is best measured 
by the respiration. We worked out the doses 


required in man for one antagonist, Ro 2-2561, 
using the respiratory minute volume as a guide. 
For a completely paralyzing dose of d-tubo- 
curarine 15 mg. of Ro 2-2561 were needed. 
When respiration was reduced to two-thirds, 
only 10 mg. of the antidote were needed. Five 
milligrams counteracted a respiratory depression 
of 30 to 50 per cent. For these. trials the intra- 
venous route of administration was employed. 

The maximum effect of the antagonist is 
obtained within five minutes. If the dose is 
insufficient to antagonize all the curare, some 
paralysis will again become apparent. Then it 
may be necessary to give another dose of the 
antagonist, the dose to be calculated again on 
the basis of the degree of respiratory depression 
which remains. 

Dr. Wescoe: I do not think that Dr. Artusio 
is including neostigmine in his present discus- 
sion. The dose for neostigmine is much smaller 
than the other antagonists. 

Dr. Artusio: I did not mean to include neo- 
stigmine in that dose schedule. 

' Dr. READER: How do you tell when a patient 
has had too much curare? Are you immediately 
aware of it? 

Dr. Artusio: Just observe the respiration, 
preferably by actual measurement of minute 
volume. The maximum effect of curare will 
appear within three minutes after its intravenous 
injection. 

Dr. READER: Do curare and the other drugs 
stimulate the central nervous system? 

Dr. Wescoe: Not within the dose ranges 
that are used clinically. All the effects are 
peripheral. 

Dr. READER: You stated that these agents 
affect the motor end plate of the nerve. Is there 
any change in the muscle cells themselves? 

Dr. Wescoe: The muscle remains perfectly 
normal. Even though paralyzed completely, so 
far as response to nerve stimuli is concerned, the 
muscle will react to direct electrical stimulation. 

Dr. Davin B. THompson: How are curare and 
other compounds handled by the body? Are 
there any disease states in which their use is 
contraindicated? 

Dr. READER: Dr. Riker, would you like to 
answer the first part of the question? 

Dr. Riker: There is no information on the 
metabolism of d-tubocurarine by the animal 
organism. We do not know what happens to it 
after it leaves the myoneural junction. There is 
some not entirely conclusive evidence that it 
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may be eliminated in the urine. Further study 
of these aspects of the subject is badly needed. 

Dr. Reaper: Are there any chemical tests for 
curare? 

Dr. Riker: No, their unavailability is at 
present a real handicap. 

Dr. THompson: What are the contraindica- 
tions to the curarizing drugs? 

Dr. Reaver: Dr. Artusio, do you have an 
opinion about that? 

Dr. Artusio: The only disease which would 
make me use curare with caution is myasthenia 
gravis. There certainly is a possibility that 


administration of the drug to an unrecognized’ 


myasthenic might result in paralysis more pro- 
found than was anticipated. I cannot think of 
any other disease that might cause difficulty. 

INTERN: How would you handle an obvious 
case of myasthenia being maintained on pros- 
tigmine, which is an antagonist to curare? 

Dr. RIKER: Just discontinue the prostigmine. 
These patients may come to you practically 
paralyzed. 

Dr. Wescoe: I would not even say that 
myasthenia is a contraindication to the use of 
curare. In my opinion that belief, while tradi- 
tional, has little to support it. Curare can be 
given to a myasthenic but must be administered 
judiciously. Even if difficulty arises, nothing 
serious is going to happen so long as artificial 
respiration is maintained. 

Dr. READER: Would the antagonist of choice 
for a myasthenic be neostigmine? 

Dr. WEscoE: No. The antagonist of choice for 
the curare agents is one of the shorter acting 
compounds. Neostigmine in too large doses is 
very likely to cause trouble because it possesses a 
curariform action like that of syncurine. It is 
difficult to predict whether the stimulating or 
depressant effects will predominate. It is quite 
possible to augment the paralysis of curare by 
adding to it the paralytic effects of too much 
prostigmine. This cannot happen with the 
briefer acting newer antagonists. 

Dr. READER: Dr. Dunning, how do you feel 
about the question of contraindications? Are 
there any neurologic conditions which might 
increase the dangers of these paralytic drugs? 

Dr. Henry S. Dunnine: I should think a 
patient who has had poliomyelitis with some 
residual weakness of his respiratory muscles 
would run greater risks of respiratory difficulties 
than would a normal individual. 
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Dr. READER: How about amyotrophic lateral 
sclerosis? 

Dr. Dunninc: I would include that in the 
same category. We often see cases of amyotrophic 
lateral sclerosis, poliomyelitis and even neuritis 
in which the intercostal muscles are not working. 
This is often missed in an ordinary physical 
examination. I should think such a condition 
might increase the dangers. Surely the patient’s 
respiratory apparatus should be very carefully 
examined before curare is given. 

Dr. READER: I was interested in your remark 
about poliomyelitis because there was once 
much agitation for the use of curare in acute 
poliomyelitis. Dr. Plum, could you give us a 
brief description of the use of curare in polio- 
myelitis? What was the rationale of this treat- 
ment and why was it abandoned? 

Dr. FrReEp Pum: I never used it so I can only 
report the experience of others. My under- 
standing is that curare was used in an attempt to 
break up joint limitation which otherwise 
occurred in individuals with painful and stiff 
muscles. In other words, the normal motion 
about a joint was limited because of pain and 
stiffness in adjacent muscles. By curarizing 
those muscles it was hoped to achieve earlier 
mobility and therefore earlier physical re- 
education. I believe the reason this therapy was 
given up was simply that long term studies 
showed that the patients who were curarized 
did not get well any faster. Indeed, histologic 
studies on muscles from those patients showed 
a good deal of actual rupture of the muscle 
fibers about the joints. Some observers believed 
that groups of paralyzed muscles were being 
overstretched and damaged. I have some diffi- 
culty visualizing how this could happen if they 
maintained muscles within the usual states of 
stress. Nevertheless, even though the curare was 
not detrimental, it accomplished no demon- 
strable benefit. 

Dr. READER: Curare was also popular at one 
time for patients with arthritis, based on the 
same reasoning Dr. Plum has described. Dr. 
Wescoe, was there any value in this therapy? 

Dr. Wescoe: I do not know what the status 
of therapy is there. Dr. Travell might have 
something to add. 

Dr. TRAVELL: There are very few people who 


. use it. To do any good in a chronic disease like 


arthritis curare would have to be given on a long 
term, ambulatory basis. It is not possible to do 
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this safely. There are treatments more effective 
and more easily used. 

Dr. CaTTELL: Are we trying to keep the 
chemical characteristics of these antagonists 
under a wrapper? It might be interesting to hear 
about their relationship to acetylcholine and the 
other members of that group. 

Dr. Wescoe: These compounds were origi- 
nally developed because it was noted that neo- 
stigmine had several actions, one of which was a 
potent anti-cholinesterase action. Previously it 
had been shown by Stedman that much of the 
anti-cholinesterase action of neostigmine is due 
to the dimethylcarbamate grouping on its basic 
trimethylphenylammonium structure. We first 
requested the chemist to replace the carbamic 
acid end of the molecule with an acetyl radical, 
to give a compound closely related structurally 
to acetylcholine. Other compounds studied 
included one with a hydroxy] substitution of the 
carbamate grouping and also the basic tri- 
methylphenylammonium salt. The anti-curare 
action of the three modifications of the neo- 
stigmine molecule are essentially similar. 

INTERN: Originally you stated that the anti- 
curare compounds cause depolarization of the 
end plate of the nerve. That is also the way in 
which you said that syncurine paralyzes. Why 
then don’t these antagonists block neuromuscu- 
lar transmission? 

Dr. WescoeE: In the laboratory they do. 
Small doses of the antagonists cause only stimu- 
lation with marked muscle fasciculations. If 
larger doses are given, this brief period of 
stimulation is followed with a_ curare-like 
paralysis. But this paralysis is of brief duration, 
measured in minutes, and most importantly it 
has been impossible in the laboratory to show 
any summation between the paralytic actions of 
curare and the antagonists. If a patient mani- 
fests effects of curare, the antagonists do not add 
to the paralysis but instead counteract it. 
Within six minutes the actions of the antagonists 
are over and, if curare effects have returned, an 
additional dose can be given without any fear 
of adding to the paralysis. 

Dr. CatrTe.tt: Is the antagonist entirely 
eliminated in a matter of minutes? 

Dr. Wescoe: That is a difficult question. The 
effects certainly disappear rapidly but we do 
not know the fate of the compound itself. We 
do not know how it is eliminated. 

Dr. READER: Some time ago I heard much 
discussion of a long-lasting curare-like com- 


pound. Wasn’t some new drug developed to 
provide a prolonged effect? 

Dr. WEscoE: That was probably mephenesin 
which can be given over relatively long periods 
to promote muscular relaxation. However, the 
paralysis is mediated by an action on the reflex 
center of the brain and spinal cord and thus does 
not resemble curare in its mechanism of action. 
No drug with a true curariform action and a 
prolonged period of action has been developed. 
The Romansky formula developed for repository 
penicillin has been used to provide slowly ab- 
sorbed deposits of d-tubo-curarine. I do not know 
of anyone still using it. 

Dr. READER: Wasn’t that quite dangerous? 

Dr. Wescoe: The unpredictability of absorp- 
tion of curare was added to the unpredictable 
paralytic effects of the drug. 

Dr. TRAVELL: The total amount given in 
slowly absorbed preparations would have to be 
much greater than the usual single therapeutic 
dose. That might be a real hazard! 

Dr. Wescoe: I think that is true. 

Dr. Leon J. WarsHAw: I wonder whether 
anyone has used curariform drugs by intra- 
arterial injection when relaxation of the muscles 
of a limb is desired for the reduction of fracture. 

Dr. READER: Does anyone know about that? 
Dr. Wescoe or Dr. Artusio, have you ever heard 
of its use in such circumstances? 

Dr. Artusio: No. 

Dr. WescoE: The only intra-arterial studies 
are experimental. 

Dr. WarsHAw: Is it possible that by giving a 
small dose into an artery and blocking the 
venous return from the area, a local effect might 
be obtained without any systemic or respiratory 
changes? 

Dr. READER: That certainly sounds like a 
practical idea. Are there any other questions? 

Dr. Riker: I would like to ask Dr. Artusio if 
he has noted any histamine-like or ganglionic 
blocking actions of d-tubocurarine during sur- ~ 
gical procedures. 

Dr. Artusio: We usually give curare intra- 
venously and by this route its histaminic actions 
rarely occur. It is difficult to determine by 
clinical means the presence ,of ganglionic 
blockade. We have not been impressed by its 
occurrence during operations. Since, however, 
we know that it may happen, I think it is a 
factor to be considered before administering 
curare to patients who may suffer much trauma 
or blood loss during operation. 
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Dr. CaTTe._: I would like to ask whether 
Dr. Artusio always intubates the patient before 
using these drugs. 

Dr. Artusio: We never give curare without 
prior intubation so that we have a ready path- 
way for artificial ventilation. That is the safest 
method to employ and the safest rule to make 
in a large service such as we have here. 

Dr. CaTTELL: Would you say curare should 
never be used without intubating first? 

Dr. Artusio: It should not be used unless the 
proper apparatus is at hand and the individual 
who is administering the curare can produce 
unobstructed artificial ventilation. 

Dr. REApDER: That brings up another point, 
however. Do you ever use curare in order to 
intubate someone? 

Dr. Artusio: Oh yes, we do that very often 
but of course the intubation is accomplished 
immediately and that is the purpose in giving 
the curare, to produce an airway. I have not 
seen any individual who had had curare whom 
it was not possible to intubate. 

Dr. READER: In a patient with laryngeal 
spasm, or some other condition for which 
tracheotomy has heretofore been indicated, is 
curare plus intubation better than tracheotomy? 

Dr. Artusio: I believe that an individual in 
severe laryngospasm should first be treated with 
positive pressure oxygen by means of a mask and 
bag in an attempt to break the spasm. Anes- 
thetists usually have atropine available in their 
equipment. A large dose of atropine, 0.8 to 1 
mg. intravenously, may be of great help in 
abolishing the laryngospasm. If curare is imme- 
diately available, and I mean immediately 
because laryngospasm cannot go.on long with- 
out producing central nervous system damage, 
it may be used. However, if I could not break 
the laryngospasm with positive pressure oxygen, 
I would have the surgeon begin tracheotomy 
while intubation was being attempted. 

Dr. READER: Do you use curare with spinal 
anesthesia? 

Dr. Artusio: It may have some value in 
spinal anesthesia if the muscular paralysis has 
worn off while the sensory paralysis is still 
intact. A small dose may give satisfactory relaxa- 
tion for a while longer. We have not used curare 
in that fashion. If in spinal anesthesia the 
relaxation is poor, we convert to a general 
inhalation anesthesia. 

Dr. Reaper: Dr. Victor Marshall told me that 
he finds curare essential in doing prostatectomies 
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by the transurethral route because it combats 
priapism. Were those patients receiving spinal 
anesthesia? 

Dr. Artusio: Some of them were under spinal 
anesthesia. We used small doses of curare, 3 to 
6 mg., in the conscious patient, which dimin- 
ished the priapism. We were, of course, always 
ready to intubate the patient. 

Dr. READER: Dr. Wescoe, do you have a 
comment? 

Dr. WEscoE: I question giving curare with a 
local anesthetic because it is my impression that 
the surgeon does not always take the patient 
seriously when he says the sensory anesthesia is 
diminishing. It would be an unpleasant experi- 
ence not to be able to respond to a painful 
stimulus. 

Dr. Artusio: We have given curare to a few 
conscious individuals with severe muscle spasm. 
They had low back muscle spasms which elicited 
terrific reflex pains whenever they moved. We 
gave them 3 to 6 mg. of d-tubocurarine intra- 
venously, got them out of bed and walked them 
around. Much to my surprise the spasm was 
completely abolished and did not return. 

Dr. READER: Were they able to walk un- 
assisted? 

Dr. Artusio: Yes. You must remember that 
the condition of the patient partially determines 
the response to curare. Earlier I mentioned the 
fact that ether sensitizes the myoneural junction 
to curare so that the full curarizing dose in an 
etherized patient would be about one-third the 
dose for a patient during cyclopropane anes- 
thesia. Without any anesthesia the dose would 
be slightly higher. In a conscious, unanes- 
thetized human, 3 to 6 mg. of curare will 
produce no respiratory difficulties and only 
slight muscular weakness. 


SUMMARY 


Dr. READER: Dr. Wescoe has discussed the 
pharmacology of d-tubocurarine and flaxedil 
which are believed to produce muscle relaxation 
by preventing depolarization of the nerve end 
plate. Syncurine, on the other hand, leads to the 
same result by prolonging depolarization. This 
distinction is important in the use of the anti- 
curare agents since the latter do not counteract 
the effects of syncurine. There is general agree- 
ment that artificial respiration is the best treat- 
ment for respiratory difficulties arising after 
administration of any of these neuromuscular 
blocking agents. Indeed, these drugs should not 
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ever be given unless facilities for proper ventila- 
tion are immediately available. However, with 
the exception of syncurine, the chemical 


antagonists may be useful in that they can 
immediately, completely and safely antagonize 
the effects of curare. It seems to be the opinion 
that flaxedil may prove superior to d-tubo- 
curarine in that it does not alter ganglionic 
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transmission and its effects are more uniform 
than those of curare. The point has been made 
that curare and the other drugs are quite un- 
predictable in their actions. However, if this 
characteristic is taken into account, and if the 
means are available to produce artificial res- 
piration, there are few contraindications to the 
use of these drugs. 
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Clinico-pathologic Conference 


Miliary Pulmonary Infiltration with 


Hydrothorax and Ascites 


TENOGRAPHIC reports, edited by Robert J. Glaser, M.p. and David E. Smith, m.p., of 
weekly clinico-pathologic conferences held in the Barnes Hospital, are published in 
each issue of the Journal. These conferences are participated in jointly by members of the 
Department of Internal Medicine and Pathology of the Washington University School of 
Medicine and by Junior and Senior medical students. 


HE patient, E. H. (No. 188544), a sixty- 

five year old white married housewife, 

entered the Barnes Hospital on August 31, 
1950, complaining of shortness of breath, 
swelling of the abdomen and fatigue. Because 
of the patient’s condition the history was ob- 
tained with difficulty and was not considered 
adequate. 

The family history was of interest in that one 
brother died of “‘lung disease’? of unknown 
etiology. As far as could be determined the pa- 
tient herself had enjoyed generally good health. 
There was no known previous serious illness; 
and although her appetite had been poor for 
years and her diet had been lacking in protein, 
an occasional non-productive cough had been 
her only known symptom. She had kept a dog 
in her home for many years. 

One year before admission the patient de- 
veloped uterine prolapse and a complicating 
urinary infection; she was admitted to a local 
hospital where a hysterectomy was performed. 
The general physical examination was said to 
have been negative at that time. Following the 
operation, however, the patient failed to regain 
full strength and she noted the onset of dyspnea 
on exertion. Six months prior to entry she de- 
veloped a ‘‘severe cold’”’ associated with a pro- 
ductive cough. These symptoms persisted and 
after three weeks the patient sought medical 
attention. Her physician told her that she had 
a high fever and made a diagnosis of virus 
pneumonia. She was treated with penicillin and 
a sulfonamide with some transient improvement, 
but she then developed increasing fatigue, 
dyspnea, anorexia and cough, and she lost 
weight. 

Three months before admission to the Barnes 
Hospital, she was readmitted to the local hos- 
pital where she remained for ten days. At that 
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time her temperature was 97.4°r. and physical 
examination revealed pallor, malnutrition, signs 
of pleural fluid in the left lower chest, ascites, 
an enlarged, firm, non-tender liver and ankle 
edema. The laboratory findings included normal 
white cell and differential counts. The non- 
protein nitrogen was 37 mg. per cent and the 
cephalin-cholesterol flocculation test 4 plus. 
An electrocardiogram was said to have been 
‘abnormal’ and a chest film revealed cardiac 
enlargement and a left pleural effusion. A 
gastrointestinal x-ray series was negative, but 
cholecystograms revealed non-function of the 
gallbladder. 

A thoracentesis was performed; smears of the 
fluid showed many intracellular organisms 
which were thought to be histoplasma cap- 
sulatum. In addition, there were cigar-shaped 
forms, thread-like structures resembling mycelia, 
and some acid-fast organisms which were ‘“‘not 
characteristic” of tubercle bacilli. Cultures of 
the pleural fluid on Sabaraud’s medium and 
on blood agar were negative. During her hos- 
pital stay the patient’s temperature ranged 
between 99° and 100°F. . 

After discharge she experienced progressive 
swelling of the abdomen and legs and was once 
again admitted to the local hospital. Physical 
examination revealed that she was moderately 
dyspneic. Signs of fluid were present over both 
lung bases and the heart was moderately en- 
larged. The abdomen was distended with fluid 
and there was pitting edema of the legs. A 
chest film showed cardiac enlargement and 
bilateral pleural effusions, with the most 


marked effusion on the left. Thoracentesis and 
abdominal paracentesis were performed, but 
examination of the fluids failed to show the 
organisms previously described. 

During her first hospital week the patient’s 
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temperature ranged between 101° and 101.5°F. 
but subsequently it became almost normal. She 
was given small doses of digitalis and a trans- 
fusion and was discharged. After leaving the 
hospital she once again had increasing abdomi- 
nal swelling and edema of the legs, and she 
was referred to the Barnes Hospital. 

At the time of entry physical examia-tion re- 
vealed the temperature to be 36.8°c., pulse 90, 
respirations 20 and blood pressure 155/90. The 
patient was thin, weak and appeared chronically 
ill. Her complexion was sallow. Examination of 
the skin revealed it to be of poor turgor, and 
there were several decubitus ulcers over her 
back. The retinae showed moderate arterio- 
sclerotic changes but no hemorrhages or exu- 
dates. Examination of the upper respiratory 
tract was negative except that the tongue was 
extremely red. Examination of the chest re- 
vealed flatness, absent fremitus, and diminished 
breath sounds over the entire right chest. The 
heart presented no abnormalities. The ab- 
domen was moderately distended with fluid, 
but the liver could be felt 4 cm. below the 
right costal margin. The feet and legs were 
markedly edematous. 

The laboratory data were as follows: Blood 
count: red cells, 4,910,000: hemoglobin, 16.3 
gm; white cells, 9,100; differential count: stab 
forms, 13 per cent, segmented forms, 78 per 
cent; lymphocytes, 3 per cent; monocytes, 6 per 
cent. Urinalysis: specific gravity, 1.019; albu- 
min, trace; sugar, negative; bilirubin, 1.2 mg; 
per cent; urobilinogen, 0.49 mg. per cent; 
centrifuged sediment: many clumped white 
blood cells and many bacteria. Urine culture: 
B. aerogenes. Stool examination: guaiac nega- 
tive. Blood Kahn test: negative. Blood chem- 
istry: Non-protein nitrogen, 18 mg. per cent; 
sugar, 79 mg. per cent; chlorides, 96 mEq./L.; 
total proteins, 6.9 mg. per cent; albumin, 2.6 
gm. per cent; globulin, 4.3 gm. per cent; alka- 
line phosphatase, 4 Bodansky units; cephalin- 
cholesterol flocculation test, 3 plus; thymol 
turbidity, 9.1 units; total cholesterol, 91 mg. 
per cent; cholesterol esters, 50 mg. per cent; 
BSP retention: 60 per cent in thirty minutes; 
sodium bilirubinate, 0.44 mg. per cent; bili- 
rubinglobin, 1.64 mg. per cent. Venous pres- 
sure: 85 mm of water. Circulation time 
(decholin): fifteen seconds. Roentgenogram of 
the chest: there was distinct cardiac enlarge- 
ment, chiefly of the left ventricle; a pleural 
effusion was present at the right base and there 
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was pulmonary congestion. In addition a fine 
mottling was seen throughout both lung fields. 
Electrocardiogram: slightly depressed S-T seg- 
ments in leads un, m1 and AVF; inverted T waves 
in V4, V; and V¢; flat T waves in leads 1, 11, m1 
and AVF. 

On the day following admission a right 
thoracentesis was performed and 1,600 cc. of 
pleural fluid were removed. The fluid had a 
specific gravity of 1.015. Sections made from a 
cell block revealed no malignant cells and gave 
no clue to etiology. An abdominal paracentesis 
was done and 700 cc. of cloudy yellow fluid 
was removed. This fluid had a specific gravity 
of 1.011 with a total protein of 0.88 gm. per 
cent. The cell count was 500 of which 50 per 
cent were segmented and 50 per cent mononu- 
clear forms. No organisms were seen. Cell 
block section of the ascitic fluid revealed mycelia 
and spores, but these were considered to be 
contaminants. Sternal bone marrow aspiration 
was carried out. Smears of the marrow were 
negative for organisms, but on culture Histo- 
plasma capsulatum was recovered two days 
before the patient’s death. Many examinations 
of pleural fluid obtained by repeated thora- 
centeses were made but neither organisms nor 
tumor cells were seen. Histoplasmin and first 
strength PPD skin tests were negative, and the 
histoplasma complement fixation test was 
negative. Microscopic sections of cell blocks 
made from pleural fluid, in which organisms 
were originally described, were reviewed by a 
mycologist who suggested the possibility of 
sporotrichium infection. Because of the possi- 
bility of sporotrichosis potassium idodide was 
given in increasing doses without favorable 
effect. The patient became weaker and con- 
tinued to be anoretic and lethargic. Edema of 
the legs became more marked, and the patient 
was given intravenous salt-free albumin. Be- 
cause of poor food intake she was maintained 
by intravenous alimentation and vitamin sup- 
plements. Despite the latter substances, how- 
ever, she developed acute glossitis and stoma- 
titis. At the end of her second hospital week the 
following laboratory data were obtained: pro- 
thrombin time, 70 per cent of normal; total 
proteins, 7.0 gm. per cent; albumin, 2.4 gm. per 
cent; globulin, 4.6 gm. per cent; non-protein 
nitrogen, 12 mg. per cent; chlorides, 88 mEq./L. 
Red blood cell count, normal; hemoglobin, 
normal; white blood cell count, 13,350; differ- 
ential, normal. Subsequent roentgenograms of 
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the chest again revealed bilateral miliary mot- 
tling in addition to the pleural effusions. 

Three weeks after admission another para- 
centesis was performed. The fluid had the char- 
acteristics of a transudate and no organisms 
were seen on smear. The non-protein nitrogen 
rose to 32 mg. per cent and then to 61 mg. per 
cent. The patient had increasing dyspnea, she 
vomited frequently and adequate nutrition 
could not be maintained. Weakness, lethargy, 
anorexia, hypotension and dehydration were 
prominent. The cephalin-cholesterol floccula- 
tion test was 4 plus, and the thymol turbidity 
5.3 units. Repeated electrocardiograms showed 
no evidence of hyperkalemia although the T 
waves were upright. During her hospital stay 
the patient exhibited a swinging type of low 
grade fever, but in the last few days it rose to 
between 38° and 39°c. She died on September 
28, 1950, shortly after developing signs of 
bronchopneumonia. 


CLINICAL DISCUSSION 


Dr. Harry L. ALEXANDER: This case presents 
a most interesting problem in differential diag- 
nosis. During the period that this patient was in 
another hospital in this community a diagnosis 
of histoplasmosis was made. Subsequently when 
she was admitted here, bone marrow examina- 
tion was performed; and although examination 
of smears of the marrow failed to reveal Histo- 
plasma capsulatum, culture of the marrow was 
reported positive for these organisms two days 
before the patient died. Dr. Elliott, would you 
begin the discussion by commenting on the chest 
films, particularly the presence of miliary mot- 
tling in the lung fields? What is the significance 
of this particular finding? 

Dr. GLappEN V. Exuiott: The miliary in- 
filtrate which was noted in this patient’s chest 
roentgenogram was compatible with several 
etiologic factors. Such lesions are sometimes 
due to pulmonary congestion occurring in acute 
heart failure, and they may occur on the basis 
of hemosiderosis following long-standing heart 
failure. Excluding these two explanations one 
must certainly consider either histoplasmosis or 
miliary tuberculosis. 

Dr. ALEXANDER: In an attempt to sub- 
stantiate the diagnosis of histoplasmosis, skin 
tests were performed and serum was collected 
for a complement fixation test. As was noted in 
the protocol the skin test was negative, and the 
complement fixation test, which was done by 
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Dr. Furcolow of the United States Public 
Health Service, was also negative. Dr. Wells 
has been particularly interested in this disease, 
and I have asked him to review the significance 
of these particular data. 

Dr. Joun G. WELts: The significance of the 
histoplasmin skin test and of the complement 
fixation test in substantiating the diagnosis of 
histoplasmosis has been discussed rather widely 
in the recent literature. It can be said at the 
outset that no definitive conclusions have as yet 
been reached. Several important observations 
have been made by Furcolow.! He noted that 
apparently healthy patients who had positive 
histoplasmin skin tests frequently lost their skin 
reactivity to histoplasmin during the course of 
various acute illnesses other than histoplasmosis. 
After recovery the patients again exhibited posi- 
tive histoplasmin tests. The incidence of positive 
histoplasmin skin tests also decreased with in- 
creasing age. The experience at the Children’s 
Hospital here is consistent with the foregoing 
results. Thus Dr. Klingberg? has recently sum- 
marized ten cases of histoplasmosis in which the 
diagnosis was proven in all by culture and in 
nine by subsequent pathologic examination. 
None of the nine patients who died, all of whom 
had repeated positive cultures, had a positive 
skin test or a positive complement fixation test. 
In the one child who recovered the skin and 
complement fixation tests were negative during 
the acute stage of the disease, but both became 
positive after the child recovered. In one of the 
recent Barnes Hospital cases in which the diag- 
nosis of histoplasmosis was proven at autopsy, 
the skin test was negative. It seems clear, there- 
fore, that negative skin tests and/or negative 
complement fixation tests in acutely ill patients 
do not rule out the diagnosis of histoplasmosis. 

Dr. ALEXANDER: Thank you for your sum- 
mary, Dr. Wells. The information you have pre- 
sented is pertinent in the case under discussion 
today. The fact that both the skin and comple- 
ment fixation tests were negative in this gravely 
ill woman cannot be considered to militate 
against the diagnosis of histoplasmosis. Also of 
interest in this particular case was the presence 
of both pleural effusions and ascites. In the col- 
lected literature on the subject up to 1945, and 


1 Furco.tow, M. L., Emce, M. E. and Bunne tt, I. L. 
Depression of tuberculin and histoplasmin sensitivity 
associated with critical illness. Pub. Health Rep., 63: 1290, 
1948. 

2? KLiInGBERG, W. G. Generalized histoplasmosis in 
infants and children. 7. Pediat., 36: 728, 1950. 
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indeed even later than that, not a single case of 
histoplasmosis with which ascites was associated 
was reported. Pleural effusion is also quite un- 
common. The latter fact seems to me to be 
particularly unusual because the organism fre- 
quently attacks the lungs and the subpleural 
tissues; one would expect, therefore, that pleural 
effusion would be encountered in a significant 
per cent of cases. Dr. Wells, what have you 
found out about this particular point? 

Dr. We tts: Pleural effusion was not ob- 
served in any of the ten cases at the Children’s 
Hospital. One of the recent patients with 
histoplasmosis in this hospital had both a 
pleural effusion and ascites; but the concomitant 
association of severe hypoproteinemia and of 
congestive heart failure made it difficult to 
determine the role of the infection per se in 
the development of fluid in the two body 
cavities. In two other recent cases of proven 
histoplasmosis in children, one patient had a 
definite pleural effusion demonstrated by x-ray, 
and in the other an interlobar effusion was sus- 
pected.* Nonetheless as you have pointed out, 
Dr. Alexander, the accumulated clinical evi- 
dence indicates that ascites and pleural effusion 
are rare in histoplasmosis. 

Dr. ALEXANDER: You have had much ex- 
perience with this disease, Dr. Goldman. Have 
you found pleural effusion in any of the patients 
you have followed? 

Dr. ALFRED GoLpMAN: No, I have not. 

Dr. ALEXANDER: Dr. Flance, would you 
comment on this point? 

Dr. I. JEROME FLaAncE: I agree entirely with 
what has been said. 

Dr. ALEXANDER: It can be assumed then 
that if this patient indeed had histoplasmosis, 
she was one of the very few in whom ascites and 
pleural effusion have been encountered. Because 


of this fact the possibility that this patient’s - 


major disease was something other than histo- 
plasmosis must be considered. Does anyone 
wish to suggest an alternative diagnosis? 

Dr. W. Barry Woon, Jr.: Since Dr. Elliott 
believed that the miliary mottling in the chest 
film was compatible with tuberculosis, that 
diagnosis must certainly be considered. Further, 
at one point during her stay at the other hospital 
acid-fast organisms were present in the pleural 
fluid. 


3’ WHEELER, W. E., FRIEDMAN, J. and Sastaw, S. 
Simultaneous non-fatal systemic histoplasmosis in two 
cousins. Am. 7. Dis. Child., 79: 806, 1950. 
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Dr. ALEXANDER: I would agree that tuber- 
culosis certainly is a distinct possibility although 
the fact that the pleural and ascitic fluids both 
had characteristics typical of transudates is dis- 
turbing. Dr. Massie, this patient had an en- 
larged heart and an abnormal electrocardio- 
gram. What importance do you ascribe to 
cardiac failure per se? 

Dr. Epwarp Massie: When she was admitted 
to the Barnes Hospital the patient’s venous pres- 
sure and circulation time were both normal. 
Although she may have had mild failure, I 
doubt that it played a major role in the general 
process. 

Dr. ALEXANDER: Are there other suggestions? 

Dr. Rosert J. GLaser: One other diagnosis 
which should be mentioned is that of collagen 
disease. The bizarre clinical picture which she 
presented can be explained on that basis. 

Dr. Gotpman: It is possible that this patient 
had a fungus infection plus another disease 
process such as carcinomatosis or tuberculosis. I 
believe the chest findings were compatible with 
miliary carcinomatosis as well as with tuber- 
culosis or histoplasmosis. I also agree with Dr. 
Glaser that collagen disease must be considered. 

Dr. ALEXANDER: If this patient had had dis- 
seminated carcinomatosis, wouldn’t you have 
expected one of numerous cell blocks which were 
made to have shown malignant cells? 

Dr. Gotpman: I doubt that examinations of 
cell blocks made from pleural and ascitic fluids 
of patients with carcinomatosis are positive in 
more than 50 per cent of cases. 

Dr. ALEXANDER: Isn’t the diagnosis more 
difficult in the case of ascitic fluid than pleural 
fluid? 

Dr. Go_pMaAn: There are more false positives 
with ascitic fluid than with pleural fluid. 

Dr. ALEXANDER: Dr. Wood, you have sug- 
gested that this patient had miliary tuberculosis. 
In my examination of the record I discovered 
that fifteen tuberculin skin tests were done and 
all were negative. Does that finding disturb you? 

Dr. Woop: It does to some extent but not 
completely. The situation in the terminal phase 
of tuberculosis may be similar to that to which 
Dr. Wells has alluded in histoplasmosis; that 
is, PPD skin tests may become negative. Such a 
sequence of events does not always occur in 
tuberculosis. 

Dr. ALEXANDER: Dr. Goldman, should dis- 
seminated sporotrichosis be considered in the 
absence of skin lesions? 
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Dr. GoLpMAN: Usually sporotrichosis, of 
course, does involve the skin, but it may also 
produce pulmonary lesions. 

Dr. ALEXANDER: Does disseminated sporo- 
trichosis occur in this country without skin 
lesions, Dr. Moore? 

Dr. Morris Moore: I know of only one such 
case. 

Dr. Griaser: Dr. Alexander, when you pre- 
pared this protocol you must have been im- 
pressed with the fact that the patient kept a dog 
in her house because you specifically mentioned 
it. Would you tell us the significance of that 
information? 

Dr. ALEXANDER: When I first noted the 
statement about the dog in the history, I was not 
impressed with it. Subsequently, Dr. Rosecan 
pointed out to me that dogs may be infected 
with histoplasma, and he suggested that the 
statement should be included. 

Dr. WELLs: It is of interest in that regard, 
Dr. Alexander, that very exhaustive studies 
have demonstrated Histoplasma capsulatum in 
dogs, cats, Norwegian rats, house mice, skunks 
and chipmunks.‘ It is thus widely distributed 
among animal life. 

Dr. ALEXANDER: Dr. Kenamore, when this 
patient was first referred to you, what was your 
opinion about the etiology of her disease? 

Dr. Bruce D. KENAMOoRE: We were quite 
puzzled by the clinical picture and laboratory 
data which did not seem to us consistent with 
a diagnosis of tuberculosis; we of course con- 
sidered histoplasmosis seriously, and we asked 
Dr. Moore’s help in delineating the problem. 

Dr. ALEXANDER: Would you comment, Dr. 
Moore, on your interpretation of the various 
cultures and smears? 

Dr. M. Moore: Although acid-fast organisms 
were said to have been found in smears of the 
fluid obtained at the time of the first thoracente- 
sis, I was never able to demonstrate any. I did 
find some intracellular organisms which suggested 
Histoplasma capsulatum but they were very few 
in number and, in the absence of a positive 
culture at that time, I expressed doubt as to that 
diagnosis. In regard to the cigar-shaped cells 
which were described, the possibility of sporo- 
trichosis came to mind because in tissue this 
fungus may produce cigar-shaped cells. Against 
the diagnosis of sporotrichosis, however, was 

4 Emmons, C. W. Animal reservoirs and other sources 


of pathogenic fungus, Histoplasma capsulatum. Am. 7. 
Pub. Health, 40: 436, 1950. 
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the fact that these cigar-shaped bodies stained 
very well. Further, the presence of very large 
cells is quite uncommon in sporotrichosis. I was 
thus unable to make a definitive diagnosis, but 
on the basis that sporotrichosis was a possibility, 
albeit an unlikely one, I suggested that iodides 
be given. Iodide therapy was without effect. 

Dr. ALEXANDER: Iodide is specific for sporo- 
trichosis, is it not? 

Dr. M. Moore: Yes, it is the one fungus in- 
fection for which iodide is specific. 

Dr. WELLS: We asked Dr. Henry Pinkerton 
of the Department of Pathology of St. Louis 
University Medical School to examine the slides 
which Dr. Moore has described to see if he 
thought toxoplasmosis merited consideration. 
Dr. Pinkerton did not believe that the cellular 
forms were compatible with that diagnosis. 

Dr. ALEXANDER: Dr. Moore, you saw the 
culture of the bone marrow which was reported 
to be positive for histoplasma two days before 
the patient died. Did you confirm the report? 

Dr. M. Moore: Yes, the culture was un- 
equivocally positive for histoplasma capsulatum. 

Dr. ALEXANDER: On the basis of that finding, 
one certainly would assume that the patient had 
histoplasmosis. 

Dr. M. Moore: There can be no question 
that the bone marrow culture was positive for 
the organisms; whether or not the patient 
had histoplasmosis, however, may be another 
problem. 

Dr. ALEXANDER: Do patients carry these 
organisms? 

Dr. M. Moore: I do not know. 

Dr. Cart V. Moore: In every instance of 
which I am aware, when histoplasma was 
cultured from the bone marrow, the patient was 
shown to have disseminated histoplasmosis. 

Dr. Woop: I believe I saw this patient in con- 
sultation with Dr. Kenamore. If I remember 
correctly, I thought the evidence favored histo- 
plasmosis as the most likely diagnosis. I must 
admit that at that time I was unaware of the 
infrequency with which pleural effusion and 
ascites associated with histoplasmosis. Had I 
had that information, I might not have been 
as willing to make the diagnosis. After the posi- 
tive culture was recovered, we felt certain that 
the patient had histoplasmosis. 

Dr. ALEXANDER: I believe that the evidence 
distinctly favors the diagnosis of histoplasmosis. 
Other possibilities include tuberculosis and 
sporotrichosis, but these are less likely. I doubt 
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that any of us would be surprised if this patient 

were found to have more than a single disease 

entity responsible for the entire clinical picture. 
Clinical Diagnosis: Histoplasmosis. 


PATHOLOGIC DISCUSSION 


Dr. MenarpD C. IHNEN: At autopsy the 
patient was well nourished in spite of her long 
illness. The pertinent external findings were 
scattered petechiae on the flexor surfaces of the 
arms and anterior surfaces of the legs and slight 
edema of the legs. In the thorax there were 
500 cc. of bloody pleural fluid on the right and 
100 cc. of clear fluid on the left. There were 
rather dense fibrous adhesions over the middle 
and lower lobes of the right lung. On the sur- 
faces of both lungs, but more clearly seen on the 
left, there were increased lymphatic markings 
accompanied by tiny, grey, firm nodules 1 or 
2 mm. in diameter. Several slightly enlarged 
lymph nodes at the hilum of the right lung con- 
tained calcium and white granular material. 
Throughout the parenchyma of the lungs, 
particularly in the lower lobe of the right lung, 
there were fairly well circumscribed 2 mm. grey 
nodules. In the lower lobe of the left lung there 
was a lesion 3 cm. in diameter that was grey-red, 
indistinctly outlined and slightly granular. The 
pericardium was severely thickened, particularly 
over the right lateral surface. The tissue had a 
granular, firm, grey-yellow appearance; it was 
moist and did not dissect like fibrous tissue. 
The heart was not enlarged and it showed no 
other pertinent lesion. 

In the abdominal cavity there were 600 cc. 
of clear fluid. The mesenteric lymph nodes were 
not unusual nor was the peritoneum. The liver 
weighed 1,000 gm. and the surface was finely 
nodular. These nodules were grey-yellow and 
slightly raised; the average was no larger than 
4 mm. The organ did not cut with increased 
resistance, and nodules similar to those on the 
capsular surface were present throughout all 
parts. The spleen was of normal size and con- 
sistency; on the cut surface, in addition to many 
lymphoid follicles, scattered grey soft areas that 
were of a slightly irregular outline and a little 
larger than lymphoid follicles were apparent. 
The surfaces of the kidneys were very finely 
granular. Tiny grey nodules similar to but 
smaller than those in the liver were scattered 
over the surfaces and throughout the medulla 
and cortex. There were linear grey foci in the 
pyramids, The gastrointestinal tract was ot 


grossly normal appearance, as were the pan- 
creas, adrenals, bone marrow and gallbladder. 

Dr. Gustave J. Dammin: The usual gross 
features in histoplasmosis are a striking involve- 
ment of the lymph nodes with only occasional 
lesions of macroscopic proportions in the viscera. 
The clinical diagnosis of histoplasmosis seemed 
acceptable in this case, however, as parenchymal 
lesions are known to occur with a resulting 
picture of a disseminated granulomatous process 
similar to some other fungal diseases and tuber- 
culosis. A particularly illustrative case has been 
described by Dublin, Culbertson, and Fried- 
man.° With the clinical diagnosis of histoplasmo- 
sis confirmed by culture and knowledge of the 
possibility that gross lesions of that type might 
occur, very little else was considered in this case 
until the microscopic sections were studied. 

In Figure 1 one of the small nodules described 
in the lungs is illustrated. The lesion is a typical 
tuberculoid focus with some necrosis in the 
center and a granulomatous reaction with two 
giant cells at the periphery. The large lesion in 
the lower lobe of the left lung had the micro- 
scopic appearance illustrated in Figure 2. There 
is total filling of the alveoli with cells and an 
exudate that has undergone caseous necrosis 
with consequent obliteration of the outlines of 
the alveolar walls. A section of the greatly 
thickened pericardium (Fig. 3) shows giant 
cells and the same type of granulomatous reac- 
tion with some fibrosis. An identical granu- 
lomatous thickening involved the visceral and 
parietal layers of both the pericardium and right 
pleura. The lymph nodes contained a great deal 
of necrosis toward their centers but a distinct 
granulomatous reaction at the periphery. Similar 
lesions were present in the spleen, and Figures 4 
and 5 show the miliary granulomas in the liver 
and bone marrow. The cellular elements in the 
uninvolved areas of bone marrow are not re- 
markable. The particular granuloma illustrated 
happens to have more necrosis than some; others 
had more fibrous reaction. The nodules pre- 
sented a continuous series representing various 
stages between necrosis and fibrosis. With the 
usual stains they were compatible with and 
were first accepted as lesions of histoplasmosis. 
In sections of the adrenal (Fig. 6), although no 
lesions were observed grossly, there are a few 
foci which have the appearance of those noted 
in the organs already described. The lesions 


5 Dupin, W. B., CuLBertson, C. G. and FRIEDMAN, 
H. P. Histoplasmosis. Am. Rev. Tuberc., 58: 562, 1948. 
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Fic. 4. Miliary tubercle in the liver. 


lar lesions was not remarkable. 
Fic. 6. Tuberculosis lesion in the adrenal. 


recognized grossly in the kidney as pyelonephri- 
tis proved to be of a granulomatous nature 
similar to the miliary nodules. 

No organisms resembling Histoplasma cap- 
sulatum were found in any of the routine hema- 
toxylin and eosin sections. ‘This was contrary to 
our experience in other cases of disease due to 
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Fic. 1. A nodule of miliary tuberculosis in the lung; in 
strated; no fungi were seen despite the positive culture of Histoplasma capsulatum during the patient’s life. 
Fic. 2. A focus of tuberculous pneumonia in the lower lobe of the left lung. 

Fic. 3. Tuberculous pericarditis; the pleura of the right side had a similar microscopic appearance. 


this and all other lesions acid-fast bacilli were demon- 


+ 


Fic. 5. Miliary tubercle with central necrosis in the bone marrow; the remaining marrow around this and simi- 


this cause, but to make the recognition of any 
such fungi easier most of these sections were 
also stained by the periodic acid-Schiff reaction 
of McManus. This stain is particularly useful 
because of a substance in the capsule of the 
fungi that is presumably of a polysaccharide 
nature and stains specifically. We might also 
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mention that although there is an acid-fast 
component in histoplasma, it is not of such 
amounts that the acid-fast stain regularly 
demonstrates the fungi; about a third of the 
organisms will stain with the usual acid-fast 
stain. We have not been successful in demon- 
strating any fungi in these sections by any 
method, but with the Ziehl-Nielsen stain acid- 
fast bacilli are present in all the lesions described. 
The report of acid-fast bacilli in pleural fluid 
removed four months before the patient’s death 
is, therefore, more consistent with the lesions 
found at autopsy than the various preparations 
interpreted as histoplasma. 

The original slide on which a diagnosis of 
histoplasmosis was made contained organisms 
with the morphologic characteristics of that 
fungus, but a negative culture at that time was 
very disturbing as cultures are more often 
positive than is the histologic recognition of the 
organism. The same problem is well reflected 
in a startling report by Dr. Alan Raftery® that 
in 436 appendices which were examined 
microscopically over 10 per cent contained 
organisms morphologically resembling Histo- 
plasma capsulatum. That paper was discussed 
by Drs. R. J. Parsons, H. Reimann and others 
and the consensus appeared to be that positive 
identification of the specific organism is difficult 
even with cultures and treacherous when based 
on morphologic criteria alone. In the present 
case on two occasions, once with pleural fluid 
and once with ascitic fluid, organisms were 
described as having the morphologic character- 


6 Raftery, A. Subclinical histoplasmosis. 7. A. M. A., 
145: 216-220, 1951. 


istics of histoplasma, yet cultures made on the 
same material were negative. Cultures of blood, 
brain and lung at autopsy did not demonstrate 
any histoplasma. The successful culture of the 
fungus from bone marrow in which no organ- 
isms were recognized microscopically is the best 
evidence we have that this patient did have 
histoplasmosis. The lesions in the tissue are all 
so intimately associated with acid-fast bacilli 
there is no evidence any other causal agent was 
at work. It does not seem possible to decide 
whether this case represents a carrier state or if 
it is a matter of the histoplasma being present 
in the body without producing lesions. We know 
that the lesions of histoplasmosis can heal, but 
there is no evidence of more than one kind of 
process in the tissues of this case. We have seen 
at least one case of associated tuberculosis and 
histoplasmosis, and histoplasmosis has occurred 
with unusual frequency in association with other 
chronically debilitating diseases such as the 
malignant lymphomas; so it might be con- 
sidered that the major part of the disease in this 
patient was tuberculosis with a coincidental 
infection with histoplasma which was not 
demonstrable terminally. 

Final Anatomic Diagnoses: Miliary tuberculosis, 
caseous and fibrocaseous, involving the lungs, 
with tuberculous pneumonia in the lower lobe 
of the left lung; mediastinal lymph nodes, liver, 
spleen, adrenals, kidneys, and bone marrow; 
tuberculous pleurisy, right, and pericarditis; 
tuberculous pyelonephritis. 


Acknowledgment: Illustrations were made by 
the Department of Illustrations, Washington 
University School of Medicine. 
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Case Reports 


Mobilization of Gouty Tophi by Protracted 
Use of Uricosuric Agents’ 


T. F. YU, mM.p. and ALEXANDER B. GUTMAN, M.D. 
New York, New York 


T has been known for some time that sali- 
cylates effect a marked increase in urinary 
urate excretion when administered to gouty 

subjects in substantial dosage, about 5 gm. 
daily, particularly if given in conjunction 
with sodium bicarbonate or other alkalinizing 
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indicates that this may be accomplished. Once 
the uricosuric regimen was fully established, no 
new tophi have appeared over months or years 
of observation in any of our patients with 
chronic tophaceous gout, including those pa- 
tients in whom crops of new tophi had de- 
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Fic. 1. Schematic representation of clinical course of gouty patient, A. G., from onset of 
symptoms in 1932 to June, 1950. Peaks represent attacks of acute gouty arthritis, height 
indicating the severity and width the duration of each episode. The solid baseline indicates 
increasing severity of persistent manifestations of chronic tophaceous gout. The course is 


divided into three phases of development. 


agents.'~® More recently it has been found that 
carinamide  (4’-carboxyphenylmethanesulfon- 
anilide)*-* and benemid® (p-(di-n-propylsulf- 
amyl)-benzoic acid)**:”:8 also are potent uri- 
cosuric agents and are better tolerated, particu- 
larly benemid.§ The increased urinary urate 
excretion produced by these drugs is generally 
attributed to suppression of tubular reabsorp- 
tion of urate. 

We have been exploring the usefulness of 
these uricosuric agents in the management of 
chronic gout with the hope that by maintaining 
augmented excretion of urate it might be pos- 
sible to minimize deposition of urate in the 
tissues and thus obviate further development of 
the deformities and disabilities of chronic 
tophaceous gout. Our experience thus far 


veloped at relatively short intervals in the 
period immediately preceding initiation of 
therapy. Moreover, interruption of treatment 
was followed in some instances by resumption 
of overt new tophus formation within a few 
months. 

Recently we have been obtaining evidence in 
some cases of reduction in size of long established 
tophi. The following instance is a case in point: 


CASE REPORT 


A. G., a sixty-two year old male, was first seen 
in June, 1950, for gout of eighteen years’ dura- 
tion. His first attack of acute gouty arthritis in 
1932 involved the right big toe and incapacita- 
ted him for only a few days. The subsequent 
development of the disease can be divided into 


* From the First Medical Service, The Mount Sinai Hospital, and the Department of Medicine, Columbia Uni- 
versity College of Physicians and Surgeons, New York, N. Y. Supported in part by a grant from the John A. Hartford 
Foundation and a research grant from the National Institute of Arthritis and Metabolic Diseases, National Institutes 


of Health, U. S. Public Health Service. 
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three stages, each of approximately six years’ 
duration. (Fig. 1.) From 1932 to 1938 he was 
subject to frequent attacks of podagra, which 
recurred at about monthly intervals, with no 
residual complaints between attacks. In 1933 
he noted one small tophus on his right ear. In 
1938 the episodes of acute gouty arthritis began 
to run a longer course, involving more joints 
and responding less readily and completely to 
colchicine. During this period the ankles, knees 
and elbows were frequently involved, leaving 
the toes relatively free. On many occasions 
several joints were swollen simultaneously. 
He also suffered recurrent attacks of acute ole- 
cranon bursitis, with serous effusions requiring 
repeated taps. In 1939 tophaceous deformities 
of the feet developed and slowly increased in 
size, initially at the first metatarsophalangeal 
joints, then at the fifth metatarsophalangeal 
joints and finally on the dorsum of the feet and 
about the ankle joints. In consequence he had 
more difficulty in walking and standing and was 
obliged to use oversize shoes. In 1945 a large 
tophaceous swelling appeared on the fourth 
finger of the left hand, together with a smaller 
tophus at the second metacarpophalangeal 
joint. About this time the serous effusions of the 
left olecranon bursa subsided, leaving a large 
permanent swelling. Since 1948 crops of small 
tophi had appeared in the lobes of both ears. 

As a result of increasing disability due to 
chronic tophaceous gout, the patient had been 
unable since 1943 to carry on any regular work 
as a salesman. Treatment during this latter 
period consisted of colchicine, 1 mg., and aspirin, 
0.65 gm., every night. 

On examination in June, 1950, he presented 
the picture of advanced tophaceous gout. There 
were tophaceous deposits in both feet, especially 
around the metatarsophalangeal joints. These 
were firmly attached to the underlying bones. 
There were no discharging sinuses. One large 
tophus was palpable along the flexor tendons of 
the left ankle. The left elbow was the site of a 
solitary tophus about the size of a hen’s egg. 
The proximal phalangeal joint of the left fourth 
finger was immobilized by a cherry-sized 
tophus; another was present at the second 
metacarpophalangeal joint of the left hand and 
a third large mass was palpable on the ulnar 
side of the left wrist. These tophi were firmly 
attached to the underlying joints. About six or 
seven small tophi were present in both ear lobes. 
Roentgenologic examination showed punched- 
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out areas in the medial condyle of the humerus, 
the proximal and middle phalanges of the left 
fourth finger and the first metatarsophalangeal 
joints of both feet, with large soft tissue swellings 
around these areas. The knees, ankles, wrists, 
right hand and elbow showed no significant 
joint changes. 

The serum urate consistently exceeded 11 mg. 
per cent. The mean urinary urate excretion on 
a low purine diet was 512 mg./24 hours. Red 
cell count was 4.12 million; hemoglobin 12.8 gm. 
per cent; white cell count and differential nor- 
mal. ESR was 59 mm. in the first hour (Wester- 
gren). The urine showed 1+ albumin, with 
occasional granular and hyaline casts, and a few 
red blood cells and white blood cells. Serum 
NPN was 59 mg. per cent and PSP excretion 
25 per cent in the first hour and 13 per cent in 
the second hour. Blood pressure was 140/80 mm. 
Hg. 
On June 26, 1950, surgical excision of the 
tophus at the left elbow was attempted under 
local anesthesia. The major part of the tophus, 
which was quite vascular, was found to extend 
to and was attached to the articular capsule and 
the ulnar collateral ligament. About 10 gm. of 
the tophaceous mass was removed, leaving the 
greater portion behind. The wound healed 
well. Olecranon bursitis with serous effusion 
subsequently developed, requiring repeated 
aspirations. The urate content of the aspirated 
fluid was usually somewhat higher than that of 
the serum, sampled simultaneously. 

Starting on June 29th the patient was given 
carinamide, 12 gm. a day for eighteen days, 
and then benemid, 2 gm. a day for eighty-four 
days. He was maintained on a low purine, low 
protein diet throughout this period. Prophylactic 
colchicine was continued. The mean daily 
urinary urate excretion on this regimen was 
644 mg., a daily excess excretion of approxi- 
mately 132 mg. Thus in a period of 102 days 
(from June 29th to October 8th) the total excess 
excretion was about 13.5 gm. The patient’s 
serum urate level fell to 6.5-8.0 mg. per cent. 
Since he was still having a great deal of diffuse 
pain and stiffness in various joints, medication 
was changed on October 26th to sodium sali- 
cylate combined with sodium bicarbonate. It 
was found that with 3 gm. salicylate a day he 
was more comfortable but there was virtually 
no uricosuric effect with this dosage. Mild sali- 
cylism soon developed, with tinnitus, diminution 
in hearing and gastric irritation. Because of 
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Fic. 2. Case A. G., tophaceous deformities of feet. a, December, 1950; Bs, September, 
1951, after prolonged treatment with uricosuric drugs. 
Fic. 3. Case A. G., tophaceous deformities of hands. a, December, 1950; B, September, 


1951. 


salicylism enteric-coated sodium salicylate was 
tried. The patient tolerated 4 gm. daily of the 
enteric-coated sodium salicylate very well and 
his diffuse joint pains disappeared almost en- 
tirely. On this dosage of salicylate his mean 
daily urinary urate excretion increased to 
800 mg./24 hours, with an associated fall in 
serum urate to 6.0 + 0.5 mg. per cent. The 
dosage of enteric-coated sodium salicylate was 
increased to 5.2 gm. a day on December 7th, a 
dosage which he tolerated well, and the diet was 
liberalized somewhat in respect to protein 
intake. His serum urate level then was main- 
tained at 5.0—5.5 mg. per cent and there was a 
daily urinary excretion of 800 to 1,000 mg. for 
the next three months. Since March, 1951, the 
serum urate levels have remained within 
4.0 + 1.0 mg. per cent. The urinary excretion 
of urate has continued at levels of 700-800 mg. 
per twenty-four hours. 


DECEMBER, 1951 


Figures 2a, 3a, 44 and 5a indicate the 
status of his visible tophi in December, 1950. 
Since institution of uricosuric therapy in June, 
1950, no new tophi had appeared, nor was there 
any change in the established tophi. At the end 
of February, 1951, the patient began to note 
that his shoes were becoming too large and the 
number of tophi on his ear lobes was decreasing. 
By May the decrease in size of tophi became 
quite apparent and by September, 1951, the 
changes were quite striking. (Figs. 2B, 3B, 4B 
and 5s.) We estimate from the urinary urate 
determinations that an excess of 100 gm. of 
urate was mobilized and excreted during the 
period of uricosuric therapy. 

At the time the photographs were taken in 
September, 1951, the serum urate was 3.3 mg. 
per cent and the urinary urate excretion was 700 
mg. per day. Red blood count was 4.25 million; 
hemoglobin 13.5 gm. per cent; white cell count, 
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5A 5B 
Fic. 5. Case A. G., tophi of left ear. a, December, 
1950; B, September, 1951. 


differential and platelets were normal. ESR was 
23 mm. in the first hour. The urine still showed 
1 + albumin; the sediment contained a few red 
cells and leukocytes but no casts. Serum NPN 
was 45 mg. per cent. The PSP excretion was 
28 per cent in the first hour and 15 per cent in 
the second hour. Blood pressure was 160/90 mm. 
Hg. Prothrombin time was 14 seconds (normal, 
12 seconds). Serum salicylate level was 20 mg. 
per cent. 

The patient is much improved and now able 
to carry out part-time activities. Of interest is 
the fact that except for a minor acute attack of 
gout early in July, 1950, shortly after starting 
benemid therapy, and another in October, 1950, 
he has been free of acute gouty arthritis while re- 
ceiving 1 mg. of colchicine daily for prophylaxis. 


4p 
Fic. 4. Case A. G., tophaceous deformity of left olecranon bursa. a, December, 
1950; B, September, 1951. 


COMMENTS 


Disappearance of established tophi as a result 
of treatment with uricosuric drugs, such as oc- 
curred in the case described, was not antici- 
pated. It has always seemed likely that old urate 
deposits in the tissues are beyond the reach of 
humoral agents, and the minimal mixing of 
intravenously injected N'*-labeled uric acid with 
tophus content observed by Benedict et al.° 
appeared to confirm this belief. However, the 
observations in the case reported herein seem 
to be unequivocal (Figs. 2 to 5) and are sup- 
ported by data indicating a markedly negative 
urate balance for about one year, with mobiliza- 
tion of approximately 100 gm. urate from the 
tissues. Presumably, mobilization of urate from 
the tissues is facilitated by the sharp reduction 
in serum urate level produced by these agents. 

Sometimes tophi spontaneously decrease in 
size and disappear, particularly from the ear or 
elsewhere after breaking through the skin and 
discharging their contents. There was no 
spontaneous external evacuation of urate in the 
present instance nor have we encountered so 
general a spontaneous reduction of tophi any- 
where in the literature, or in 270 unpublished 
case histories of gout we have reviewed, or in 
our personally supervised series of sixty gouty 
cases prior to treatment with uricosuric agents. 
There are, moreover, other instances of disap- 
pearance of tophi in our patients following pro- 
longed administration of salicylates in 5 gm. 
daily dosage. Case V. P., who had very ex- 
tensive and crippling urate deposits particularly 
in the hands, feet and olecranon bursae, has also 
noted unequivocal reduction in size of many 
tophi, with partial restoration of function of the 
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extremities. In this instance some 90 gm. of 
excess urate were mobilized and excreted in the 
urine over a period of six months. Case L. R. 
has observed virtual disappearance of a hen’s 
egg size tophus of the olecranon bursa. Several 
patients on protracted benemid medication 
similarly have noted disappearance or decrease 
in size of tophi, for the most part small or 
recently established deposits, together with 
lessened swelling of chronically enlarged joints. 
This has been most striking in the feet, enabling 
these patients to walk better and to wear smaller 
sized shoes than they had been accustomed to 
for years. The results with benemid are par- 
ticularly encouraging because very few of our 
patients have been able to tolerate for long the 
required dosage of salicylates, which in amounts 
less than 5 gm. per day usually has little or no 
uricosuric effect and in doses of the order of 
2 gm. per day is apt to cause retention of 
urate.'~® Benemid ordinarily produces sustained 
uricosuria when given to patients with chronic 
gout in doses of 0.5 or 1.0 gm. per day, a dosage 
level of low toxicity.® 

A matter of some concern in protracted treat- 
ment of chronic gout with uricosuric agents is 
the possibility of aggravating renal damage by 
increasing the excretory urate load on the 
kidneys. So far we have not observed any indi- 
cation of this, provided dosage is carefully 
regulated according to the urinary urate level, 
and ample fluids and alkalinizing salts are 
given; in Case A. G., in fact, the serum NPN 
declined from 59 to 45 mg. per cent under 
treatment, perhaps reflecting mobilization of 
urate deposits in the kidneys. In any event, so 
far as can be determined these drugs do not 
cause any significant increase in the amount of 
urate formed in the body or any increase in 
glomerular filtration rate, but they apparently 
do suppress urate reabsorption in the tubules. 
The chief hazard in their use would therefore 
seem to be precipitation of urate in the col- 
lecting tubules and this apparently can be 
minimized by the precautions indicated. The 
evidence that uric acid has a direct ‘“‘toxic’”’ 
action in concentrations of the order of magni- 
tude under consideration is unsubstantial.'° 

As indicated in the case report, it is our 
practice to institute a low purine, restricted 
protein diet in conjunction with uricosuric 
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therapy in order to minimize urate production 
while augmenting urate excretion, so that maxi- 
mal negative urate balance may be achieved. 
Even under these conditions mobilization of 
visible urate deposits is a slow process demand- 
ing the utmost patience and _ perseverance. 
Proper regulation throughout this period re- 
quires frequent determinations of serum and 
urinary urate levels, constant attention to diet 
and dosage levels of medication, and vigilant 
search for evidences of untoward side reactions. 


SUMMARY 


A case of advanced tophaceous gout exhibiting 
unequivocal reduction in size of many tophi in 
the course of protracted uricosuric therapy is 
described. It may be possible by proper use of 
uricosuric agents not only to minimize new 
tophus formation but also to cause the disap- 
pearance of old established tophi. 
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Localized Amyloid Deposition in the Lower 


Respiratory Tract’ 


AARON SCHOTTENFELD, M.D., LEON M. ARNOLD, M.D., JoHN G. GRUHN, M.D. 
and A. Davip ETEss, M.D. 


New York, New York 


E have recently had the opportunity to 
study a patient with amyloid infiltra- 
tion of the trachea and main bronchi 
who was admitted to the hospital with the pro- 
visional diagnosis of bronchogenic carcinoma. 
The correct diagnosis was not suspected until 
the pathologist examined the bronchoscopic 
biopsy. We were therefore stimulated to review 
the literature for more information about the 
nature and frequency of this unusual lesion. 
Local amyloid tumefactions confined to a 
single organ have been reported in the larynx,!~’ 
urinary bladder,*~!! conjunctiva, mouth and 
nasopharynx’*!* and a variety of other or- 
gans.'*-?3 They have frequently been mistaken 
clinically for neoplasms. Local amyloidosis of 
the upper respiratory tract, especially the larynx, 
is more common than involvement of the lower 
respiratory tract including trachea, bronchi and 
pulmonary parenchyma. We were able to find 
twelve well documented cases and a question- 
able thirteenth case of local amyloid deposition 
in the lower respiratory tract in addition to our 
own Case. 


CASE REPORT 


M. L. (Montefiore Hospital No. 50886), a 
forty-three year old white male house painter, 
entered Montefiore Hospital on May 5, 1950. 
He first noted wheezing and shortness of breath 
on effort five years before admission but at- 
tributed his complaints to exposure to paints. 
Shortly thereafter a cough developed which was 
productive of up to one-half cupful of thick white 
sputum daily. Despite progressively increasing 
symptoms including dyspnea at rest he con- 
tinued to work until the winter of 1945 when he 
was admitted to a hospital for pneumonia of the 
left lower lobe from which he rapidly recovered. 
He returned to work and was comfortable during 


the following summer. Symptoms of dyspnea, 
wheezing and productive cough recurred with 
the onset of cold weather and persisted except 
for relatively asymptomatic intervals during the 
summer months. In the winter of 1948 he was 
again hospitalized for pneumonia, this time of 
the right lower lobe. Hemoptysis was noted for 
the first time on this occasion. Because of per- 
sistent right lower lobe consolidation bron- 
choscopy was advised but the patient refused 
consent. For the following fourteen months 
penicillin in oil was administered three times 
weekly and during this period he was well except 
for slight cough productive of a teaspoonful of 
sputum daily. During the winter of 1949 to 1950 
there were two further episodes of penumonia 
characterized by acute onset of fever, chills, 
productive cough, dyspnea and hemoptysis. 
Thereafter the sputum became more copious, 
viscid and greenish yellow. The symptoms did 
not subside during a vacation in Florida. After 
the patient’s return home x-ray examination on 
March 29, 1950, revealed a shadow extending 
from the left hilum into the left lower lung field. 
Hospitalization was advised. 

On admission to Montefiore Hospital the 
patient was found to be a well developed, well 
nourished, sun-tanned white male of forty-three 
years who was dyspneic and orthopneic. Tem- 
perature was 99°F., pulse rate 72, respiration 38 
and blood pressure 110/70. The pertinent physi- 
cal findings were as follows: The trachea was in 
the midline. Wheezes were palpable over the 
entire left chest. On auscultation inspiratory 
and expiratory wheezes were audible over both 
lung fields and there were rales over the lower 


’ left chest posteriorly. The leafs of the diaphragm 


were normally mobile with respiration. The 
heart was not enlarged or otherwise remarkable. 
The abdomen was soft and presented no masses 


* From the Medical and Laboratory Divisions and the Peroral Endoscopy Service, Montefiore Hospital, 
New York, N. Y. 
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Fic. 1. A, Chest film May 8, 1950; 8, chest film January 25, 1951 


or palpable organs. Rectal examination revealed 
a slightly enlarged, smooth prostate. The ex- 
tremities were normal and clubbing was absent. 
No bone tenderness was elicited. 

The admission chest films of May 8th (Fig. 14) 
revealed a large area of irregular density extend- 
ing from the left hilar region out into the left 
middle and lower lung fields and involving the 
base of the left lower lobe as well as the lower 
portion of the left upper lobe from hilum to 
lingula. 

Initial bronchoscopy was performed on May 
10th and disclosed an extremely extensive lesion 
consisting of projecting masses extending in 
irregular fashion from the subglottic area down 
to the carina, which was considerably broad- 
ened, and further into both main bronchi. The 
masses varied from pea-sized, globular projec- 
tions into the lumen preventing distant visual- 
ization to broad, flat elevations. The main 
bronchi, particularly the left, were quite nar- 
rowed by the flat elevations. The masses were 
covered by intact mucous membrane and were 
not particularly friable. They were firm and 
hard, and were bitten away by the biopsy forceps 
with considerable difficulty. Very little bleeding 
was encountered on removing the projections 
either on the first examination or on subsequent 
ones. The bronchoscopist’s initial impression 
was ‘“‘externally infiltrating and metastasizing 
carcinoma.” The pathologist found no tumor 
but reported amyloid deposition in the sub- 
mucosa of the trachea. 

Intensive investigation disclosed no evidence 
of generalized amyloid disease. The blood pro- 
tein was 6.8 gm. per cent, albumin 5.0 gm. per 
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cent and globulin 1.8 gm. per cent. The Congo 
red test was negative (17 per cent removed after 
one hour). Bence-Jones proteinuria was absent. 
Marrow studies were negative for myeloma. A 
complete roentgenologic skeletal survey re- 
vealed no osseous abnormalities. Electrocardio- 
graph was not remarkable. 

The following additional laboratory studies 
were performed: Hemoglobin was 13.5 gm. per 
cent, red blood cells 4,170,000 per mm.,* and 
white blood cells 7,400 per mm.,* with a normal 
differential count. Urinalysis: specific gravity 
ranged from 1.012 to 1.022. All specimens were 
negative for sugar and albumin; sediments con- 
tained only occasional epithelial cells. Sputum 
smears and cultures were negative for acid-fast 
bacilli on three occasions. The Mazzini test was 
negative. Erythrocyte sedimentation rate was 
9 mm. in one hour; fasting blood sugar 80 mg. 
per cent; blood urea nitrogen 8.0 mg. per cent; 
cephalin flocculation negative; thymol turbidity 
1 unit; serum bilirubin 0.46 mg. per cent; cho- 
lesterol 254 mg. per cent. = 

Up to January 10, 1951, twelve additional 
bronchoscopies were performed to confirm the 
diagnosis and to remove the obstructing masses. 
Eleven biopsy specimens taken from the trachea 
and bronchi between May 10, 1950, and January 
10, 1951, were available for review. Gross speci- 
mens varied in size from small, ruddy tissue 
masses less than 3 mm. in diameter to a mass of 
small fragments having an aggregate volume of 
4 cc., the largest individual particle measuring 
8 mm. in greatest dimension. Multiple sections of 
trachea and bronchi included only the mucosal 
and submucosal portions of the wall. (Fig. 2.) 
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Fic. 2. a, Bronchial biopsy; amyloid deposition through entire tunica propria; 
mucosa on left; bronchial gland lower left corner (original magnification 105 X). 
B, bronchus; mucosa of pseudostratified ciliated columnar cells; amyloid and fat 
in tunica propria (original magnification 255 X). c, amorphous acellular hyaline 
amyloid in tunica propria; mucosa at upper left (original magnification 550 X). 
D, metaplastic bone and cartilage in tunica propria (original magnification 85 X). 
E, foci of adipose tissue adjacent to amyloid deposits in tunica propria (original 


magnification 105 X). 


The mucosa consisted of a_pseudostratified 
columnar ciliated epithelium with occasional 
goblet cells resting on a thick basement mem- 
brane. Beneath the mucosa were irregular masses 
and clumps of amorphous hyaline material 
which stained pink-red with hematoxylin-eosin, 
bright orange with various lots of Congo red, 
and purplish red with metachromatic dyes such 
as crystal and methyl violet. All stains for amy- 
loid were confirmed on fresh frozen sections. 
Unequivocally positive reactions for amyloid 
were obtained on each of the eleven submitted 
specimens. Interspersed amidst the amyloid 
masses were occasional normal tracheal and 
bronchial glands, small irregular islands of 
metaplastic cartilage, a solitary focus of meta- 
plastic bone with hematopoietic tissue within 
its medullary space and areas of mature adipose 
tissue. No giant cells were found. 

The patient was treated by piecemeal removal 
of the obstructing nodular masses using an 
ordinary Yankauer type of bronchoscopic cutting 
biopsy forceps. The largest masses were in the 
upper and lower trachea. At first bronchoscopy 
was performed weekly, later every two weeks 
and, since hospital discharge on July 28, 1950, 


approximately every month. Following each 
bronchoscopic removal of tissue there was sub- 
jective and objective improvement. After ten 
bronchoscopies the patient could comfortably 
perform a day’s work. He still has a morning 
cough productive of yellowish sputum which is 
blood tinged on rare occasions, usually during 
the week following a bronchoscopy. He is no 
longer dyspneic on rest or ordinary activities. 
Wheeze is less prominent both subjectively and 
objectively. It is noted by the patient only after 
walking rapidly up two flights of stairs and 
during sexual intercourse. Repeated chest films 
from May 3, 1950, to November 25, 1950, 
demonstrated no remarkable change in the in- 
filtration of the left lung. However, in the interval 
from November 25, 1950, to January 25, 1951, 
very appreciable resolution of the pulmonary 
density occurred. (Fig. 1B.) 

Removal of the amyloid by forceps is still in 
progress but the therapeutic plan may include 
an attempt at further enlargement of the airway, 
particularly the lower bronchi, by electrocoagu- 
lation. It has been interesting to note that there 
has been little or no increase in size of the flat 
lesions. It has therefore been possible to keep 
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ahead of any growth of the lesions and to 
improve the airway even with therapy at 
monthly intervals. 


COMMENTS 


In Table 1 we have tabulated certain of the 
recorded data available from the thirteen?4—*6 
previously recorded cases and from our case. 


dependent upon the exact location and extent 
of the amyloid deposition. When the deposition 
is small in amount or located in silent areas, no 
symptoms develop. Thus in Case 2 presenting 
only a bean-sized submucous nodule in the 
posterior tracheal wall and in Cases 8 and 9 in 
which amyloid masses were confined to the 
pulmonary parenchyma the diagnoses were made 


TABLE I 


How Diagnosed 


Associated 
Pathologic Condition 


Location of Amyloid 


Duration of Symptoms 
—_ Author Age| Sex Prior to Diagnosis 
1 | Balser?4 66 | M | 19 yr.; “bronchitis” with evi- 
dence of progressive broncho- 
stenosis 
2 | Kraus’ .. | M | None recorded 
3 | Manasse”6 63 | M | None recorded 
4 | Glockner?’ 76 | M | None recorded 
5 | Johanni” 66 | F |15 mo.; hoarseness, cough; 
later progressive dyspnea 
6 | Herxheimer?9 65 | M | 40 yr.; hoarseness 
7 | von Werdt* 71 | M | 6 yr.; intermittent hoarseness; 
in last year dyspnea with 
stridor 
8 | Meyer?! 57 | M | None recorded 
9 | Hallermann®? 52 | F | None recorded 
10 | Bauer’ 30 | M | 1 yr.; dyspnea and hoarseness 
11 | Bloch and Soulas** | 46 | F | 4 mo.; cough, increasing dys- 
pnea and hoarseness 
12 | Falconer*s 71 | M | 2 mo.; increasing dyspnea 
13. | Weismann et al.*6 35 | M |9 yr.; cough and intermittent 
hemoptysis 
14 | Authors’ case 43 | M | 5 yr.; cough, dyspnea, wheez- 
ing 


Autopsy 


Autopsy 


Autopsy 
Autopsy 
Autopsy 
Autopsy 


Surgical removal of 
tumor; autopsy 11 
hr. postoperatively 

Autopsy 


Autopsy 


Laryngoscopy 
with biopsy 
Bronchoscopy 
with biopsy 

Autopsy 


Right 
pneumonectomy 

Bronchoscopy 
with biopsy 


Chronic bronchiectasis and 
pneumonitis of R.U.L.; sev- 
eral ossified areas in right lung 

Pulmonary emphysema and 
malnutrition; acute pneu- 
monia 

Perforated duodenal ulcer with 
generalized peritonitis 

B.P.H.; cystitis, hydronephro- 
sis and pyelonephritis 

Incomplete description of as- 
sociated pathologic condition 

Abscess of R.L.L.; right em- 
pyema 

Bronchiectasis R.U.L. and 
R.M.L. 


Chronic interstitial nephritis, 
arteriosclerosis, early cirrho- 
sis of the liver, fresh cerebral 
hemorrhage 

Postoperative pneumonia of 
R.L.L., R.M.L., L.L.L.; right 
empyema; thoracotomy 

Goiter 


None described 


Gastric ulcers; hepatic cirrho- 
sis with esophageal varices 

Pneumonitis R.L.L. 
and R.M.L. 

Pneumonic infiltration L.L.L. 
and L.U.L. 


Trachea and main 
bronchi 


Trachea 


Larynx and trachea 


Larynx, trachea and 
main bronchi 
Larynx and trachea 


Larynx, trachea and 
lung 

Larynx, trachea and 
main bronchi 


Lung 


Lung 


Larynx and trachea 
Larynx and trachea 


Trachea and main 
bronchi 

Right main bronchus 
and branches 
Trachea and main 
bronchi 


Age Incidence. Amyloid deposition in the 
lower respiratory tract is apparently a disease 
discovered in later adult life, nine of the fourteen 
patients being over fifty, with one case in which 
the age was not stated. The youngest patient 
was thirty years of age, the oldest seventy-six. 

Sex Incidence. Males predominated in this 
group in a proportion of eleven to three. This 
differs from primary systemic amyloidosis, Eisen*” 
having reported twenty-six males and twenty- 
two females in the cases collected by him. 

Clinical Features. ‘The duration of recorded 
symptoms was quite variable in the cases re- 
viewed. In Case 12 there was’itwo months of 
increasing dyspnea until death. In Case 6 
hoarseness was present for forty years. The 
clinical picture is extremely variable and is 
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as incidental findings at autopsy after death due 
to unrelated major disease. 
When the larynx is involved in addition to 


the lower respiratory tract, as occurred in five 
instances (Cases 5, 6, 7, 10 and 11), hoarseness 
is a prominent symptom. Involvement of the 
larynx alone is not within the scope of this review 
and has been extensively reviewed elsewhere. 
Patients in this older age group with persistent 
hoarseness may be suspected of having laryngeal 
carcinoma. 

Symptoms and signs resulting from involve- 
ment of the trachea and bronchi are expressions 
of the amount of obstruction produced. One may 
therefore encounter various degrees of dyspnea, 
cough and wheezing with the superimposition 
at times of the features of acute recurrent pneu- 
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monia or chronic bronchiectasis. It is in this type 
of involvement that the diagnostic possibilities 
will be diverse and will run the gamut of asthma, 
foreign body, unresolved pneumonia, tubercu- 
losis, bronchiectasis, adenoma and carcinoma. 
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Fic. 3. Schematic representation of the 
location and extent of the amyloid de- 
posits in fourteen cases of amyloidosis of 
the lower respiratory tract. 


Diagnosis of this condition is almost com- 
pletely dependent upon pathologic study of 
biopsy material. The lesion is so uncommon that 
on gross inspection alone no observer would 
venture the diagnosis. As has been mentioned, 
in our case the initial gross impression on bron- 
choscopy was infiltrating carcinoma of the sub- 
mucosally infiltrative type. When viewed in 
retrospect certain features speak against such a 
diagnosis. ‘These include (1) the unusual extent 
of the lesion throughout the entire trachea, 
carina and both major bronchi, (2) the intact 
mucous membrane, (3) the firm, tough con- 
sistency of the masses and their unusual resist- 
ance to the cutting forceps and (4) the paucity 
of bleeding on removal of the masses. It is diffi- 
cult to imagine any disease other than infiltra- 
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tive carcinoma from which this condition of 
amyloid deposition would require differentiation 
on the basis of bronchoscopic appearance. The 
appearance is almost unique and does not 
resemble that of Boeck’s sarcoid, tuberculosis or 
any of the lymphomatous diseases. 

Pathologic Features. Distribution of lesions: The 
distribution of amyloid in the reported cases is 
summarized below from Table 1. 


No. of Cases Location of Amyloid 
Larynx and trachea 

Larynx, trachea and main bronchi 
Larynx, trachea and lung 

Trachea alone 

Trachea and main bronchi 

Right main bronchus 


Lung (1 questionable) 


NP WOR eB 


The extent of involvement is shown schematically 
in Figure 3. 

The absence of amyloid elsewhere in the body 
was confirmed by autopsy in eleven cases. The 
remaining three patients (Cases 11, 13 and 14) 
were alive at the time of publication of the case 
reports. In these cases there was no clinical 
or laboratory evidence of more generalized 
amyloidosis. 

In all but one of the cases of tracheobronchial 
deposition amyloid was present within the sub- 
mucosa and would have been available for 
bronchoscopic biopsy. In Case 13 if a biopsy had 
been obtained it would not have revealed the 
amyloid which was deposited in the external 
connective tissue coats around the right main 
bronchus and its branches, around the right 
pulmonary artery and inferior pulmonary vein. 

Staining properties: As one of his five criteria 
for ‘“‘atypical amyloidosis” Lubarsch** cited the 
variability of reaction with amyloid stains. 
Reference to Table m1 which summarizes the 
published data on staining reactions in the 
reported cases indicates that they conform in 
large measure to this generalization. The re- 
ports of Cases 10 and 11 did not include specific 
descriptions of staining properties. In both 
instances the pathologic description was “local 
amyloid,” presumably on the basis of positive 
specific stains. Case 9 is questionable because of 
consistently negative staining reactions. It should 
be emphasized, however, that in the remaining 
eleven cases there were specific descriptions of 
at least one acceptable staining reaction identi- 
fying the material as amyloid. Perhaps too much 
emphasis has been placed on atypical staining 
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as a criterion of so-called atypical, primary or 
local tumor-forming amyloidosis. 

Secondary changes within the amyloid tumefactions: 
Among the most conspicuous of the incidental 
changes associated with amyloid tumors of the 
lower respiratory tract are calcification and 
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3. The clinical and pathologic features of 
thirteen previously reported cases and our four- 
teenth case are reviewed and tabulated. 
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not necessarily 


Tedral, taken at first sign of attack, often fore- 
stalls severe symptoms. 


in 15 minutes...Tedral brings symptomatic 
relief with a definite increase in vital capacity. 
Breathing becomes easier as Tedral relaxes 
smooth muscle, reduces tissue edema, provides 
mild sedation. 


for 4. full hours ...Tedral maintains more 
normal respiration for a sustained period—not 
just a momentary pause in the attack. 


Prelude to asthma? 


Prompt and prolonged relief with 
Tedral can be initiated any time, day or night, 
whenever needed without fear of incapacitat- 
ing side effects. 


Tedral provides: 


theophylline ............... 2 gr. 
Vg gr. 


in boxes of 24, 120 and 1000 tablets 


GHILGCOTT 
dL inhowatvnion.. DIVISION OF The Waltine Company MORRIS PLAINS, NEW JERSEY 


Eden 
33 
> 
= 
: 
4 
é 
‘ 
‘ 
= 
; 
AM 


34 


Hydrochloride Crystalline 


Effective agaist many bacterial and 
rickettsial infections, as well as certam 


protozoal and large viral diseases. 


; The Geriatrist looks always for a treatment which shall act 
Z effectively to curb infection, without unduly upsetting normal metabolic 
processes and immunologic responses. Aureomycin provides a maximum 
anti-infectious effect with a minimum of disturbance. Infection in the 
elderly is more apt to be subacute, or chronic, than acute; and of mixed 
rather than pure type. Under such conditions, the oral effectiveness 


and broad activity of aureomycin make it of exceptional value. 


Capsules: 50 mg.—Bottles of 25 and 100, 250 mg.— Bottles of 16 and 100. 


: Ophthalmic: Vials of 25 mg. with dropper; solution prepared by adding 5 cc. of distilled water. 
ae LEDERLE LABORATORIES DIVISION 
2 american Cyanamid company 


7 


30 Rockefeller Plaza, New York 20, N. Y. 
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OTHER INDICATIONS 


Amputation Stumps 

Burns 

Carcinomatous Ulcers 

Chest Surgery 

Decubitus Ulcers 

Diabetic Gangrene 

Empyema 

Infected Compounded 
Fractures 

Soft Tissue Abscesses, 
Sinuses, Fistulae 

Subcutaneous Hematoma 

Varicose Ulcers 


® 


In chronic osteomyelitis, therapy that hastens recovery is an economy 
reflected in many ways. Tryptar is dramatic in reducing recovery time 
from years to months or even weeks. 

Tryptar, selectively, causes dissolution of necrotic tissue and removes 
debris without injury to normal tissue. With topical administration, 
Tryptar is non-toxic and completely non-antigenic. 

Tryptar in the treatment of osteomyelitis may be applied in the form 
of dry powder, in wet dressings, in gelatin capsules or by irrigation, 
depending upon the location of the lesion. 

Tryptar is supplied as a two vial preparation: one 30 cc. vial contains 
250,000 Armour Units (250 mg. of Tryptic Activity) of highly purified 
crystalline trypsin; the companion 30 cc. vial contains 25 cc. of Tryptar 
Diluent (Sorensen’s Phosphate Buffer Solution) pH 7.1. Plus plastic 
adapter for use with powder blower. 

*THE ARMOUR LABORATORIES BRAND OF PURIFIED CRYSTALLINE TRYPSIN 


THE ARMOUR LABORATORIES ° CHIcAGo 11, ILLINOIS 


world-wide Lependablhity 
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Highly effective in an unusually wide range 


of common skin disorders 


Pragmatar 


the outstanding tar-sulfur-salicylic acid ointment 


At termination of therapy with 


the first day of treatment the itching 
had stopped. By the end of one week 


provement in the lesion.) 


Formula: Cetyl alcohol-coal tar distillate, 
4%; near-colloidal sulfur, 3%; salicylic acid, 
3%—incorporated in a special washable base. 


‘Pragmatar’ T.M. Reg. U.S. Pat. Off. 


Smith, Kline & French 
Laboratories, Philadelphia 


In seborrheic dermatitis 
-Pruritic axillary seborrheic der-. 


5, 1951. Treatment over the years 


Pragmatar, May 24, 1951. (From 


there was a marked clinical im-: 


matitis of 6 years standing, April. 


with various medicaments had > 


failed. 


3 
r 
4 
34 
A 
A 
4 


ibility with foods and fluids 
Terramycin Oral Drops are miscible 
with most foods, milk and fruit juices; 
can be taken “as is” or mixed. 
Potent oral drops offer rapid 
broad-spectrum antibiotic activity 
in a form permitting the utmost 
simplicity in the therapeutic regimen, 


pure 
Terramycin Oral Drops are 

prepared from pure crystalline mater 
. free of impurities which may c 


supplied: 


2.0 Gm. with 10 cc. of diluent, 
and specially calibrated dropper. 


ANTIBIOTIC DIVISION CHAS. PFIZER & CO., INC., Brooklyn 6, N. Y. 


la 
50 mg. in each 9 dr ORY 
: 
ell tolerated 
ae 


*in each tabiet, copsule, 

or 5 ct. (tsp.) of Elixir: 
Hyoscyamine Sulfate ...... 0.1037 mg. 
Atrepine Sulfate .............. 0.0194 mg. 
Hyoscine Hydrobromide.. 6.0065 mg. 
Phenoberbital, gr..... 16.2 mg. 
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J) RICHMOND 20, VA. 
Ethical Pharmaceuticals of Merit since 1878 
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(Sodium Iodomethamate U.S.P.) 


A safe urographice 
contrast medium 
remarkably free 
from hazard fer 
the patient. 


NEO-IOPAX urograms and PRIODAX cholecystograms 
give definitive information for diagnosing certain pathologic 
conditions of the urinary and biliary tracts, respectively—without penalty. 


CORPORATION | 
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NEW! 


an oral therapeutic hematinic 


IN RECOMMENDED DOSAGE — | capsule t.i.d. 
— Rubragran supplies truly therapeutic amounts 
of four fundamental factors in normal red blood 
cell production. 


RUBRAGRAN FORMULA Icapsule 1 capsule 
supplies t.i.d. supplies 


Vitamin B,, 25 mcgm. 75 mcgm. 
Folic Acid 1.67 mg. 5 mg. 
Ascorbic Acid 100mg. 300mg. 
Iron (elemental) 67mg. 200mg. 
(as ferrous sulfate exsic.) 230mg. 690 mg. 
Desiccated Liver 100mg: 300mg. 
Bottles of 100 and 500 


Because of the serious nature of the disease, true addi- 
sonian pernicious anemia should not be treated with oral 
preparations. Parenteral Rubramin or Liver Injection 
should be used. 
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Ciba 
Presents 


A New Advance 


in Sulfonamide Safety ... 


BRAND OF SULFADIMETINE 


Scored 0.5 Gm. tablets. 
Bottles of 100 and 1000. @® Remarkably low incidence of side effects—less than 5% 


@ Lowest acetylation yet reported—less than 10% in blood 
@ New improved solubility 
@ Renal complications rare—alkalis not needed 


@ High, sustained blood levels 


WIDE ANTIBACTERIAL SPECTRUM 


Ciba PHARMACEUTICAL PRODUCTS, INC., SUMMIT, N. J. aon 
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tn 28 Cases of 


HERPES ZOSTER 


at Bethesda Naval 
Hospital* 


William C. Marsh, Commander (MC) 
U.S.N., in a currently published paper', 
‘**Treatment of Herpes Zoster with Prota- 
mide,” now available to physicians as a 
reprint, presents these findings: 

“Thirty-one cases of herpes zoster were 
treated with Protamide. Good to excel- 
lent results were obtained in twenty- 
eight. In those failing to respond other 
factors besides age of patient may have 
been involved. 

“No controls were in our study as thous- 
ands of intramuscular injections of other 
drugs given to patients with herpes zoster 
in the past, with no appreciable benefit, 
would adequately serve as a control. 

“Pain, not merely the discomfort or itch- 
ing, was the indication for treatment. 

Protamide (1.3 cc, the contents of one 

ampul) was given daily intramuscularly. 


G. H. Sherman, M. D., 


QLOGICALS PHARM 


Founder 


ACEUTICANS. 


ood to excellent results wit 


No other local or systemic medications 
were given. 

“The relief of pain was superior to that 
obtained when using either pituitrin, 
thiamine chloride, autohemotherapy, 
sodium iodide, or high voltage Roent- 
gen therapy. 


“The advantages of Protamide are the 
simplicity and absence of pain in admin- 
istration, lack of reactions, and apparent 
safety. 

“Costello? found that Protamide was effec- 
tive in the relief of the posterior root 
pain of tabes dorsalis.” 


* U. S. Naval Hospital, National 
Naval Medical Center, Bethes- 
da, Maryland. 

1. U.S. Armed Forces Med. 
Journal, September, 1950. 
2. Costello, R. T. New treat- 
ment for “lightning pains” 
of tabes dorsalis, Urol. and 
Cutan. Rev. 51: 260-263, 
May, 1947. 


DOCTOR: Your prescription blank 
marked ‘“‘Protamide’: will bring 
you a compilation of papers to- 
gether with folder—‘‘FOR 
PROMPT RELIEF OF POS- 
TERIOR NERVE ROOT 
PAIN.” Send for them today. 
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controls pressure and symptoms that send pressure soaring 


improves the 


ae 


patient in 


hypertension 


more normal pressure 
around the clock with two potent vasodilators. 


eases stress on heart 
by decreasing peripheral resistance. 


relieves gastro-intestinal spasm 
pain and other discomforts which aggravate pressure. 


relaxes patient 


Each PERTENAL tablet contains: mentally, physically; allays tension, worry, restlessness, insomnia. 


Veratrum Viride............ 100 mg. (142 
Homatropine Methyl Bromide. 2.5 mg. (1/25 gr. " 
Maneitol Hexaitrate 30 (Ye er.) from the first day of PERTENAL 
Phenobarbital ............. 15 mg. (% gr.) . : 


pier; able to live a more normal, perhaps longer life. 


CROOKES LABORATORIES, INC. 


: therapy the whole patient is more comfortable, hap- 


PERTENAL samples 


on request 


305 EAST 45 ST, NEW YORK, N.Y. 


ROGESTONE 


HYPOGLOSSALS 


Progesterone in 
tablets specially 
prepared for 
sublingual or buccal 
administration 

and eminently 
suitable for oral 
(swallowed) use 


“There can be no doubt that proe 
gesteronesublingually is absorbed 
and utilized...”—Greenblatt, R. 
B.: J. Clin. Endocrinol. 4:7, 1944. 


“The observation of greatest im- 
portance in this investigation is 
that the results indicate that pro- 
Bottles of gesterone itself is active when 
50, 100, 1,000 administered by the oral (swal- 

lowed) route. Furthermore, pro- 
Descriptive Literature and Specimens Available gesterone itself appears to be 
more active orally than anhy- 


W droxyprogesterone.” — Bickers, 
A a abusiih Qe ‘NEWARK 1, NEW JERSEY W.: J. Clin. Endocrinol. 9:8, 1949. 
puss 
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All Children Can Benefit from 
this Protective Hot Drink at Breakfast 


The problem of encouraging children to eat an adequately pro- 
tective breakfast finds easier solution when Ovaltine in hot milk 


is recommended as a breakfast beverage. Many children clamor 


No. 268, “Eat a Good Breakfast,” for a hot drink at the morning meal, and hot Ovaltine is the right 
the U. S. Dept. of Agriculture kind of drink to recommend. 
states: “Summer or winter, there's A cup of hot Ovaltine makes an excellent contribution of virtually 


something hot, as a rule, in a 


' all essential nutrients, adding substantially to the nutritional start 
good breakfast. ... Something hot ; 
is chewing end tones op the for the day. It also serves in a gustatory capacity by enhancing 
whole digestive route.” the appeal of breakfast and making other foods more inviting. 


The nutrient contribution made by a cup of Ovaltine is apparent 
from the table below. Note the wealth of essentials added to the 
nutritional intake by making the simple recommendation of adding 
a cup of hot Ovaltine to the child’s breakfast. 


THE WANDER COMPANY, 360 N. MICHIGAN AVE., CHICAGO 1, ILLINOIS 


Here are the nutrients that a cupful of hot Ovaltine, made of 
Y2 oz. of Ovaltine and 8 fi. oz. of whole milk,*provides: 


aromg. VITAMING:....... Os0:my.  CALORIES....... 225 
PHOSPHORUS ...... 315 mg. RIBOFLAVIN. ...... 0.7 mg. *Based on average reported values for milk. 


Se 
is 
OVALTINE 
4 
AOVALTINES 
PROTEIN 
10 mg. 
Fa 


Up-to-Date 
Antitussive 


METHAJADE® spares your patients the needless vio- 
lence of exhausting, “unproductive”? cough—with- 
out depriving them of the benefits of normal 
expectoration. 

Because it contains methadone, the synthetic anal- 
gesic-antitussive, METHAJADE is capable of suppress- 
ing the irritability of the cough reflex without block- 
ing it entirely. 

Because it contains potassium citrate and diluted 
phosphoric acid, METHAJADE promotes the liquefac- 
tion and loosening of mucus, facilitating the expul- 
sion of bronchial exudate and debris. 

Because it relaxes smooth muscle, including that 
in the tracheobronchial tree, METHAJADE is effective 
in relieving the bronchial spasm often associated 
with coughs. ‘ 

Together, these actions tend to decrease the fre- 
quency and increase the efficiency of coughing, and 
to relieve bronchial spasm. METHAJADE is therefore 
well qualified as a practical aid in achieving the 
modern objectives of cough control: 

(1) to preserve the natural physiologic benefits of 
the cough— 

(2) to reserve the act of coughing for ‘‘productive’’ 
expectoration. 


Composition—Metuasape is a sugar-free antitussive 
with a delicious, fresh, lime flavor. Each 30 cc. 
(1 fi. oz.) contains: 


Sedative-antitussive effects of Methajade control sleep-robbing 
paroxysmal cough—allow patients to get needed rest. 


SUBDUES VIOLENT COUGHING 


Methadone hydrochloride* .................... 10 mg. 

(d, 1-6-dimethylamino-4,4-diphenyl-3-heptanone 
hydrochloride) 

WARNING: may be habit forming. 


Propadrine®, phenylpropanolamine 


Dilbted phosphoric acid... 4.5 cc. 
Alcohol 5% 


Average Dose for Adults: 1 to 2 teaspoonfuls every 
three or four hours. 


CHILDREN: 

(note: METHAJADE should not be administered to 
children under 2 years of age. In children 2 years of 
age or older, METHAJADE should be used only in cases 
of severe, intractable cough.) 

Two years: 14 teaspoonful not more often than 
every four hours. 

Five years: 1% teaspoonful not more often than 
every four hours. 

Ten years: 1 teaspoonful not more often than every 
four hours. 


Packaging—Metuasane is supplied in pint Spasaver® 
bottles and gallon bottles. 
Sharp & Dohme, Philadelphia 1, Pa. 


*The analgesic potency of methadone hydrochloride is—weight for weight—approximately 
equivalent to that of morphine. It controls cough as well as, or better than, codeine. 
Methadone hydrochloride is subject to the provisions of the Harrison Narcotic Act. 
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combined attack 


Upjohn 


A therapeutic attack on bacteria is more 


effective when several agents having har- 
monious antibacterial actions are em- 


ployed simultaneously. 


For a simple, effective strategy against 


susceptible organisms: 


Biosulfa’ 


Bottles of 50 and 500 tablets. 


Each tablet contains: 
Penicillin G Potassium, Crystalline .. 100,000 units 


* Trademark, Reg. U. S. Pat. Off. 


Medicine... Produced with care... Designed for health 


THE UPJOHN COMPANY, KALAMAZOO, MICHIGAN 
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new, non-barbiturate hypnotic 


for safe, sound sleep 
without drug hangover 
free from habit-forming properties 
of the barbiturates 
safe 


free from habit-forming or addiction properties 

of barbiturates; rapidly metabolized; no.cumulative action; 
no toxic effects on prolonged use 

acts gently and quickly in insomnia 


mild hypnotic action quickly induces restful sleep 


no prolonged suppressive effect 


action subsides after a few hours; patient continues to sleep naturally 


no drug hangover 


4 patient awakens refreshed with no “drugged” feeling 


* DORMISON is a substance new to pharmacology, completely different from 
barbiturates and other hypnotics. It contains only carbon, hydrogen and oxygen. 
It has no nitrogen, bromine, urea residues, sulfone groups or chemical 
configurations present in depressant drugs now in use. 


The usual dose of Dormison (methylparafynolt) 

is one or two capsules, taken just before the patient is. 
ready for sleep. DorMIsoON’s wide margin of safety 
allows liberal adjustment of dosage until the 

desired effect is obtained. DorMison is supplied as 

250 mg. soft gelatin capsules in bottles of 100. 


BLOOMFIELD, N. J. 


*T.M. TU.S. Pat. Pending 
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COMING 
1952 


CONGENITAL HEART DISEASE 


Classification of Congenital Heart Disease......... Ricwarp T. Brine, Baltimore, Md. 


Physiologic Methods of Study of Congenital Heart 


CourNAND, New York 


Angiocardiography in Congenital Heart Disease. ....IsrazL STEINBERG AND CHARLES 
Dotter, New York 


| Rosert E. Gross, Boston, Mass. 
R. C. Brock, London, England 


A SYMPOSIUM 


MULTIPLE SCLEROSIS and DEMYELINATING DISEASES—May 1952 


Guest Editor, Gzorczk A. ScHuMACHER, M.D., Associate Professor of Clinical Medicine, 
Cornell University Medical College, New York 


Subscription: U.S.A. $12: Canada and South America $14: Abroad $15 


THE AMERICAN JOURNAL OF MEDICINE 
49 West 45TH STREET, NEw York 36, N.Y. 
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PHOSPHOLIPID mg. Zo than 1.0 in 


Plasna Ratio: SHOLESTERO! 


INCREASE PHOSPHOLIPIDS 
The new isotope technique* has demonstrated that: 
(a) choline deficiency occurs in man; 


(b) phospholipid production is increased in 
deficiency states by choline; 


(c) individuals differ in choline needs; 


(Inositol also enters into synthesis of certain phos- 
pholipids.*) 


DECREASE CHOLESTEROL 


Although cholesterol plasma levels may not be 
affected by dietary restrictions, the physical state 
of the cholesterol may be affected. Thus, “giant 
cholesterol molecules” associated with athero- 
sclerosis may be eliminated by dietary control.5 


RATIONAL MEASURES 

In the light of these recent studies, adequate lipo-. 
tropic therapy and cholesterol-restricted diets are 
rational measures in: 


mg. 


Supply Therapeutic Dosage of Lipotropics 
(700 mg.) with Vitamin A and B Complex 
factors to help compensate for deficien- 
cies of low-cholesterol diets with Rutin 
and Vitamin C to prevent the retinopathy 
often associated with above diseases. 


For Literature and Clinical Trial Package please 
write "Gericaps Literature’’ on post card, sign 
and send fo us. 


BIBLIOGRAPHY 


‘Morrison L.M.: Tests for Atherosclerosis. Proc. 
AM. Soc. for Study of Atherosclerosis P 478 
(1950) 

2Gertler, M.M.; Stanley M.; Blund, E.F.; Age, 
Serum, Cholesterol and Coronary Artery Dis- 
ease. Circulation 2:517 (1950) 

3Science 109:613 (June 17) 1949 

4Biochem. J. 40:494 (1946) 

5Gofman, J.W.,; et al.; Science. 111:166 (1950) 


SHERMAN LABORATORIES 


Detroit 15, Michigan 
Windsor, Ont. Los Angeles 5, Cal. 
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YOUR COLLEAGUE OR DOCTOR FRIEND 


An up-to-date medical journal any 
doctor will take pride in having in 
his library—beautifully printed and illus- 
trated—a publication that will provide 
both pleasure and inspiration. 


The American Journal of Medicine 
49 West 45th St. New York 36 


Yearly Subscription $10.00 U.S.A. 
Canada and Pan-American Union $12.00 Foreign $15.00 
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20,000 units 
units 
baritracin 
be dispensed only bY 
physician ar dentist. DY wee 
“PPlied to physiciom and 


« 


ADVANTAGES: 


More potent 
antibiotic action 


Wider antibacterial 
Spectrum 


Effective Oral 
Levels 


PONDETS 
contain 


BOTH PENICILLIN 


and 
BACITRACIN 


In a delicious hard 
candy base that 
completely masks 
antibiotic taste. 


Penicillin and bacitracin exhibit true 
synergism.!2 


Organisms with little or “‘borderline’’ 
sensitivity to either antibiotic alone, are 
often readily susceptible to this com- 
bination. 


Lasting at least one-half hour in most 
patients. 


1. Eagle, H., and Fleischman, R.: Proc. Soc. Exper. Biol. 
& Med. 68:415, 1948 


2. Bachman, M. C.: J. Clin. Invest. 28:864, 1949 


In each troche: 20,000 units Crystalline Potassium 
Penicillin-G, and 50 units Bacitracin. 


PONDETS 


PENICILLIN-BACITRACIN TROCHES WYETH 


SUPPLIED: Vacuum-packed tins of 48 troches. 


Wyeth INCORPORATED, PHILADELPHIA 2, PA. 
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well SODIUM 


intramuscularly, and subcutancously 


“Reaser and Burch, using radioactive isotopes, have confirmed i 
ar earlier evidence that mercurial diuretics greatly increase the 
bs urinary loss of sodium. The sodium diuresis precedes water diuresis 
an by two to four hours, and sodium excretion per day may be in- 
2 creased sevenfold while water excretion is merely doubled.” 
Editorial: J.A.M.A. 135:576, 
Nov. 1, 1947. 


“... The concentration of sodium in the urine was increased nearly 
two and one-half times by the injection of the mercurial diuretic, 
while the average total excretion of sodium in 24 hours was in- 
creased more than four times by MERCUHYDRIN injections.” 

ae Griggs, D. E., and Johns, V. J.: 

fe California Med. 69:133, Aug. 1948. 


MERCUHYDRIN Sodium (brand of meralluride sodium) is 


available in 1 cc. and 2 cc. ampuls. 


ahestde 


»INC., MILWAUKEE 1, WISCONSIN 


5 
S 
3 
a 
~ 
14 
( 
. 


Page 8, 
November 


ithe 
mibe: 
November: 

44. “Back: 


over 


See 


